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SESSION I: BACKGROUND INFORMATION

A. THE FUTURE FOR SUBMERSIBLES: CAPT. DON WAL'"H, USN.

"The Future for Submersibles," is certainly a topic discussed many times
before--often, it seems, with a frequency inversely proportional to the
amount of deep submergence operations that are being conducted. There was
a very quick increase and subsequent reduction in the number of deep sub-
mersibles in the 1960's. During this time these vehicles caught the fancy
of both professional and amateur ocean-oriented persons (Terry 1966). The
almost spontaneous construction of a wide variety of deep submersibles,
principally in the United States (ICO 1965), fed the imaginations of the
media and the public as well as those in industry who saw this concept as a
major path ir. the advancement of the exploration of innerspace (Shelton 1972).
Mission use and support requirements for most of these early submersibles was
not carefully worked out and today few of them survive as functional craft.

17 Some of the blame must go to the otherwise rational companies, many of them
large aerospace corporations, which failed to analyze exactly what ocean work
their creation could do. B~ut, equally, the blame must go to the professionals

in the ocean community who encouraged these investments in ocean technology
without knowing how submersibles might be used and supported. This, I believe,
accounts for why we continue to ask the question about the future of deep sub-

mersibles. From the earliest days of the 19501s, with FNRS-3, SOUCOUPE, and
TRIESTE to the present, cl-e- future has yet to arrive.

This paper focuses on the history of the deep submersible with its impli-

Future."'I

Firs itis important to define the use in this paper of the terms "deep
submergence," "submersibles," and "vehicles." What constitutes 'Yeep" is a

relaivevalue judgment. Generally, we can think of deep submergence as a
capability to go significantly deeper in the ocean than with more conventional
techniques of diving or with naval submarines. Thus, a 300-ft capability hi
the early 1930's with a bathysphere would be "deep" since neither diving nor
military submarines were regularly getting to that depth in those times. To-
day 300 feet would seem pretty shallow, and hardly "deep submergence." Sub-

mersibles can be thought of as undersea craft, or vehicles, which are not

autonomous for more than a few hours at a time as compared to submarines whichI
can remain at sea, fully independent, for weeks at a time. Submersibles gener-
ally require a mother ship of some sort to service them between diving opera-
tions.

Invention and the Past

The history of submersibles is rather brief (Terry 1966). The first prac-
tical craft were cable-lowered, pressure-proof cabins of wood or iron that
were fitted with windows of transparent material for viewing. It is recorded



that Alexander the Great (356-323 BC) had himself lowered into the i6ea (pro-
bably a few feet) in a cask that was sealed with pitch and fitted with a
transparent material for viewing outside. Trusted aides pumped air down from
the surface to provide life support. Alexander's desc'ription of what he saw--a
boy eating an apple, a fish that took several minutes to pass by the window, at
dog, etc.--might be regarded as one of the first cases of "rapture of the deep."
Leonardo de Vinci, of course, included designs for s'ibmersibles in his inven-
tive works which covered about every part of the technical spectrt'm. Around
1716, Sir Edmund Halley, of Halley's Comet fame, devised a working diving bell,
for support of divers working at depths of about 65 ft for periods up to
4 hr. The history of submersibles, diving, and submarines remained inter-
twined until the late 19th Century when separate lines of development began
to diverge. The submersible's advancement slowed while military s0bmarines
and diving moved rapidly ahead. It was not until the 1930's that deep sub-
mergence found its resurgence in the work of Dr. WilliAm Beebe end hisBathy-
sphere. In a series of 32 dives in i•30, 1932, and 1934 he reached maximum
depths of 1428, 2200, and 3028 ft, respectively. Beebe's excellent book,
Half Mile Down, is a fascinating chronicle of both the technical and scienti-
fic aspects of this pioneering work (Beebe 1951.).

The next major advancemeat came just prior to World War II when the Swiss
physicist Professor Auguste Piccard began to adapt his experience in high al-
titude ballooning to an underwater analog, the bathyscaph (Piccard 1956).
Fle had closely followed Beebe's work and believed that the lowering of the
observation cabin by cable from a surface ship had safety problems and prac-
tical depth limitations. Piccard's idea was a eibmersible that .as autonomous
from surface support while submerged--an underwater free balloon. He secured
support from the Fonds National de Recherce Scientifique (FNRS) of Belgium
to construct his "underwater balloon" but, due to tht war, it was November
1947 before the bathyscaph FNRS-2 was first lowered into the sea. The first

dive was in October 1948, to a depth of 84 ft.

The FNRS-2 proved that Piccard's basic design concepts were sound; how-
ever, it was not a very seaworthy craft ana after it had made an unmanned
test dive to 4550 ft it was decided to rebuild much of its structure before
initiating manned ocean dives. The FNRS directed that Piccard work with the
French Navy at the Naval Arsenal at Toulon to reconstruct the bathyscaph.
The new vehicle, now christened FNRS-3, was launched at Toulon in May 1950.
It began a series of dives which ultimately led to the establishment in Feb-
ruary 1954 of a world's depth record of 13,700 ft in the Atlantic Ocean cff
Dakar, French West Africa (now Senegal).

Auguste Piccard did not stay with the French Navy's program for the
FNRS-3 beyond 1952. Instead he decided to build an entirely new bathyscaph
in Italy, which would reflect the lessons learned in consturction and opera-
tion of FNRS-2 and FNRS-3. Funding was ..-re difficult since the FNRS was
only backing the French Navy program. Piccard pieced together a consortium
of companies who were willing to donate goods and services towards the con-
struction of the submersible. The main hull was built at Trieste; the cabin
at Terni, Italy; with the final assembly at a shipyard in Castillemare di
Stabia, near Naples. Thus, in August 1953, the "Bathyscaphn TRIESTE" was
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first launched to begin a 10-year diving career that would ultimately take
it to the deepert known depth in the world oceans. The U.S. Navy bought
TRIESTE and. it was assigned to the Navy Electronics Labrwratory in San Diego,
California for support of the laboratory's ocean science programs. In Decem-
ber 1958 the submersible made its first dive as a U. S. Navy asset,

After some modifications at Repair Facility in Sar. Diego, TRIESTE was
sent to Guam in the late summer -of 1959 where it conducted Projects Nekton
I and Nekton .I for the next year. in January 1960, its deepest dive was
made to 35,'800 fo in the Challenger Deep in the Ma-ianas Trench, the deepest
k.iown derth in the world oceans (Piccard and Diet-, 160).

During 1q60-63 the submersible operaced: .ut o. San Diego supporting
various ocean research projects for the Navy. "-n April 1963, the U.S.S.

F THRESHER (SSN-595) was lost at sea off Boston -L.J the TRIESTE was activated
to investigate Ihe wreckage which had been pho.:ographed by the Navy research
ship USNS MIZAR (T-AGOR-11) using a towed und,'rwater camera platform (Keach
1964).

The THRESHER searchbwas the last campaig,t for TRIESTE and upon her suc-
cessful completion of this operation she was returned to Sa- Diego in late
1963 for retirement at the age of 10 years. A U.S. built ýeplacement, the
TRIESTE II was launched the following year at San Diego to support a continu-
ation of the Navy's deer ocean sience and engineerina work. In the inter-
vening years the TRIESTE has undergone several major modificationf' and today's
TRIESTE II bears only a family resemblance to the original.

Elsewhere in the worlk there was also progress in deep submergence.
Jacques Cousteau, an early "bathyý'capher" with ENKS-2 and FNRS-3 while he
was still in the French Navy, built his underwater saucer, SOUCOUPE SOUS-
MARIN, in 1958. This craft had a 1000-ft depth capability and was featured
in many of his film'3 and Nat 4 onal Geographic Magazine articles of the late
'950's ard early 1)60's (Cousteau 1960). SOUCOUPE is still setviceable and
has served as a model foi later saucer designs such as the Westinghouse
DEEPSTAR 4000 and the French CYANA. The U. S. Navy used the SOUCOUPE at the
Navy Electronics Laboratory fo- an extensive series of dives in the coastal
waters of Southern California and Baja California in the mid-1960's (1964-
1968).

The French Navy retired the FNRS-3 in 1959 and began construction of a
new bathyscaph which would incorporate their experiences in operating and
maintaining the earlier submersible. The new craft, the Bathyscaphe ARCIHIMEDE,
was launched at Toulon in 1964 and was placed into operation by a special
French Navy group assembled for this purpose. In the past 10 years ARCHIMEDE
has operated in major trench systems in the Atlantic and Pacific oceans, as
well as the deepest points of the Mediterranean. The greatest depth achieved
has been 34,500 ft in the Kurile Trench near Japan.

Credit for the construction of the first U.S. built submersible goes to
the American Submarine Company which launched their SPORTSMAN 300 vehicle
in 1961. This class of two man craft had a 300-ft depth limit (Terry 1965).
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By 1965, over 27 research submersibles were either in service or under
construction throughout the world (ICO 1965). Several U.S companies con-
structed vehicles, often from their own resources. Some of these companies
were:

1962 - Perry Submarine Company (CUBMARINE series].
1964 - General Mills Corporation [ALVIN].
1964 - Litton Industries [completed ALVIN].
1965 - Reynolds Aluminum Company [ALUMINAUT].
1965 - General Dynamics Corporation [STAR I, II, III].
1965 - Westinghouse [DEEPSTAR 4000, DEEPSTAR 2000].
1967 - Lockheed Aircraft [DEEP QUEST].
1968 - North American Aircraft [BEAVER].
1968 - Grumman Aircraft [PEN FRANKLIN].
1968 - General Motors Corporation [DOWB (deep ocean workboat)].

In addition, both Douglas and Northrup aircraft companies considered
getting into the field but never went beyond the conceptual stages. In the
late 1960's the General Oceanographics Company entered the field with its
successful NEKTON design submersibles (ultimately 3 were built). But most
of the programs listed above failed under their original sponsors due to lack
of a mission and high overhead costs. Only the ALVIN, built for the Navy,
and the Perry submersibles are still active operations, although recently the
BEAVER MARK IV was resurrected under the management of International Under-
water Contractors, Inc. Also, there were a few other submersibles built on
an individual basis by small companies or backyard mechanics. Few survive
as active craft and all were in the 200- to 300- ft depth range.

A great deal of imaginative engineering went into all of these vehicles;
each was designed, without government specification, to meet a perceived need
in deep ocean exploration. Thus, a very broad base of technology for submer-
sibles was developed although the overall level of effort (number of vehicles
produced) was quite small.

It is of particular interest that most of these early submersibles were
built by aerospace or related companies. Only in the case of General Dyna-
mics were the vehicles built by an old-line, established shipbuilder (in this
case, the Electric Boat Division of GD). This phenomenon demonstrated a risk-
taking willingness to put forth new concepts in a little-known area. While
society does not reward every case of risk-taking by the very definition of
"risk," it is regrettable that the United States was unable to somehow pre-
serve this technical capability. In an era where we seem to subsidize every-
thing from agriculture to airline mail contracts, it would not have been too
dificult to conceive of a practical work program for this national capability.
In this way a great deal of important work could have been done by these ve-
hicles while keeping the operational and technical capabilities intact. This

was not done and now much of the talent has been dispersed.

Similar situations existed in other nations, but it was much more crit -1
in the United States largely due to the scale of effort that was initially
invested here.
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Submersibles at Work in the Sea

Parallel to the broad-based design and technical development of submar-
sibles was their attendant application to a diversity of jobs in the ocean.
At first most of these jobs had a ratio of luck to skill in the order of
80/20, but gradually operators learned how to exploit the full advantage of
trained minds and eyes at work sites in the sea. The record has been remark-
ably good:

1963-64: TRIESTE I and TRIESTE II successfully explored the site
of the sunken stbmarine THRESHER including removal of some selected
pieces of debris for analysis.

1965: The submersible SUBMARAY was used'to inspect a seafloor
power transmission line in Puget Sound over a distance of several
miles.

1966: The Canadian PISCES assisted in successfully raising a
sunken tug boat from 670 feet in Puget Sound by attaching
lifting lines around the hull.

1966: The location and recovery of the lost H bomb at Palomares,
Spain, through a combination use of the submersibles ALVIN, ALUNI-
NAUT, and Perry Submarine, and the unmnined vehicle CURV II (Cable
Controlled Underwater Recovery Vehicle).

1967-70: The PISCES I submersible was routinely used to recover
U. S. Navy experimental torpedoes from test firing ranges in thePuget Sound area.

1968: The STAR II together wita DOWB located and recovered a nu-
clear power source off the California coast that had been part of
a payload on an aborted launch of a satellite.

1969; The DEEP QUEST was used to recover the cocKpit voice recorders
and flight recorders from two commercial jet transports that had
crashed in the ocean offshore from Los Angeles International Air-
port.

1969: TRIESTE II was used to inspect and analyze the wreckage
of the lost nuclear submarine SCORPION near the Azores. First lo-
cation was by the MIZAR.

1969: The Perry PC-9 was purchased by Brown and Root Construction
Company and used for routing pipeline inspection in the Persian
Gulf area.

1970: MIZAR located the lost French submarine, EURYDICE, and the
French Navy's bathyscaph, ARCHIMEDE investigated the wreckage off
Tolilon.
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1970: The DEEP QUEST located and the Navy recovered a World War 11
Navy Hellcat fighter in 3500 ft of water off San Diego.

This ia, of course, only a brief summary. Also this list emphasizes work-
ing projects rather than scientific exploration. Scientific projects have
had tremendous difficulty getting Funded and this will be discusse' later.
But the decade of the 1960's did bring considerable progress to the techniques
and skill i of deep submergence . . . the "skill.-luck" ratio was beginning to
favor skill.

Looking back over the operational history of submersibles one cannot fail
to be impressed with the variety of work done and the remarkable record of
success. The question then arises why all of this has not become better
known in the interest of expanding capability in this area. It is my opinion
that we put the emphasis on the wrong part nf the deep submersible story.
The manufacturers and the neople responsibla for operating them tended to do
a lot of publicity on the front end of the program in the bast "brochureman-
ship" fashion but r-elatively little of this energy was put into the reporting
and selling of results. Thus, in many ways, our failures to publicize and
capitalize on the really good professional work that has been done has led
to a general feeling of disinterest in submersibles.

R There seems to be a generally accepted theory that the submarine THRESHER
loss was the initiating point for the rapid growth and development of submer-
sibles throughout the world (Link 1964). I do not subscribe to this position.
It is true that the disaster focused attention on the very real limitations
of submersible systems in existence and our capability to aid deeper divingI nuclear submarines in distress. The Navy's Deep Submergence Systems Review
Group (DSSRG) did undertake a careful and extensive review of existing submer-
sible technology from 1963-1964 and this was of considerable help to the Navy
in mapping out its deep ocean technology efforts. In addition it also led
to the Navy's setting up of the Deep Submergence-Systems Project (DSSP) and
the design and procurement of the DEEP SUBMERGENCE IESCUE VEHICLE I and 2
(DSRVs) which are capable of rescuing submarine crews to depths of 5000 ft.
Nevertheless, it was clear before the THRESHER tragedy that both manned
and unmanned submersibles would be required to permit more extensive work in
the world's oceans. Many were on the drawing boards, in production or in
operation prior to April 1963. THRESHER served to accelerate only part of
this broad group of activities.

Current Trends

The recent history of submersibles has demonstrated some interesting
trends in the development and use of these craft. First, we see an increas-
ing coordination of the spectrum of manned activity in the sea. At one time
many thought that diving systems would gradually phase out with depth due to
predictable physiologic, technical, and operational limits. At this magic
cutoff point the manned submersibles would take over. It has not been this
simple. Improvements in diving techniques and costs have shown that finite
limits of diving capability are at best elastic for the predictable future.
The second point is the question of where man should be located in the overall
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submersible and surface support- ip system. The advent of low-light-level
TV's, remote manipulators, force f,-edback systems, and multi-axis operator
control systems has brought the u-manned submersible into real prominence.
Many proponents of these vehicles believe that man need not lose his effective-
ness by staying on board the surface ship and controlling the vehicles through
an umbilical cable. Finally, recent submersible accidents have demonstrated
that effective recovery systems for these machines are not yet available and
that in most cases of recovery of the crew or part of the crew, the luck factor
has been high indeed (MTS 1974). The conclusion is that diving systems,
manned submersibles, and unmanned submersibles form a spectrum of capability
to do work in the sea. The choice of which E-ystem to use depends on the job,
the costs, and the unique characteristics of each system.

Meanwhile, those charged with the professional development of these tech-
niques have begun to recognize the high degrees of professional skills and
training required to operate them. As potential hazards increase, so do costs
of operations, One way to reduce risk costs is to satisfy insuring agencies
of the care taken in the design, construction, and operation of these systems.
Such groups as the American Bureau of Shipping, The Marine Technology Society,
and the Deep Submergence Pilots' Association have taken the lead in the area
of manned submersibles. Through standardization, specification, and regula-
tion safety will increase and costs can come down (MTS 1968,1974).

We find today that almost all of the first generation submersibles are out
of service. Some were born to be white elephants while others provided vital
engineering and operational stepping stones to the capabilities of today.
Only the ALVIN, the SOUCOUPE, and perhaps a Perry boat remain operational fromI this first generation of the early 1960's. Even ALVIN is not quite the origi-
nal submersible since she received a new titanium hull and plumbing in 1973
that doubled her depth capability to 12,000 ft. Either the Cousteau SOUCOUPE
or one of the early Perry submersibles probably ranks the title of "the last
operational submersible of the first generation," essentially unmodified
since original construction. All the rest are in boxes or cradles on shoreii somewhere or have been committed to museums.

The submersible designs that have nded to stay In the evolutionary de-
velopment have been the small boats such as the General Oceanographics and
the Perry Submarine Company series. They are _iall and portable, relatively
cheap to operate, and are operated by crews who have extensive experience in
the business. The orientation of these companies has been towards the commer-
cial market rather than the government, thus keeping a good competitive basis
relative to divers or surface-lowered systems. There are other companies
that have followed this same path but these two are certainly the leaders.
In the case of Perry, their business of building, leasing, and performing sub-
mersible operations took nearly 10 years before any substantial profits were
realized (LaCerda 1974).

This is not to say the day of the large submersibles is over. The opera-
tional ARCHIMEDE, TRIESTE II and NR-i (the Navy's nuclear powered deep sub-
mersible) all attest to the fact that there is room in the capability spectrum
for such craft. It is apparent, though, that few vehicles of this size could
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be supported by private agencies on a successful business basis. The U. S.
Navy holds title to a submersible fleet of 10 vehicles, only 6 of which are
under direct Navy fleet operation (TRIESTE II, DSRV-I, DSRV-2, SEA CLIFF,
TURTLE and NR-I). The ALVIN, NEMO, &aLd DEEP VIEW are in the hands of re-
search institutions while the MAKAKA! is operated by a Navy laboratory.
Many of , ese craft are in a "fire house" status where they are kept on-call
to meet emergency situations anywhere in the world, at any depth capability
required. Naturally the routine support costs of maintaining such a capa-
bility are considerable. Not only must the vehicles be maintained and crewed,
they must also have extensive and dedicated mother ship support as well as
a-shoreside support base. It is predictable that such operations will never
find their way into the world of commercial ocean operations except on an
occasional reimbursable use basis.

Today there are more submersibles i1i operation throughout the world than
ever before. The populat theme that the development of these craft stalled
out by the late 1960's is just not correct. Certainly the first generation
has largely passed on to obscurity but this was an evolutionary period of
design, construction, and operation . . . too many people hoped for the re-
volution.

That few appreciate the contemporary scope of today's submersible opera-
tions can be attributed to two primary factors. The first is current interest
in ocean resources development, primarily oil and gas. These industries do
not need a lot of ballyhoo about "the magic of deep submergence"; they are
only interested in getting the job done effectively and at least cost. If
a submersible is competitive it gets used; if not, some other system gets
used. The second factor is that capability is not seriously applied to
oceanographic work (Ballard and Emery 1970).

In the 1960's, during the rapid expansion of submersible development,
most of the demonstration work was actually given over to ocean scierce ap-
plications. To a great extent this part of the submergence business declined
considerably with the demise of the first generation of submersibles. What
is often forgotten is that there was never any real source of funding support
by the ocean science community for the continuing use of submersibles. Almost
all of the dives were either free or given at daily rate charges that were

well below the profit level for the sponsoring companies. Thus, much of the
gloom about the decline in the use of submersibles can be attributed to the
oceanographers who sampled but could never get the necessary funding support
to institute continuing programs of scientific diving. The efforts to get
such funding were considerable and to this day there is a continuous investi-
gation of the situation by various panels and committees representing govern-
ment, academia, and industry (FCST 1972). Each of these studies shows that
there is indeed a need for submersibles in support of science but the problem
of how to secure financial support for the purpose has not yet been solved
(NAS-NAE 1973).

Lack of support for submersibles mirrors a geneial malaise in government
support of ocean sciences and engineering. When the primary oceanographic
platforms, the research vessels, are being laid up for lack of funds, there
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is little chance that any reasonable support for submersibles can be found.
This is not to say that some regular work is not being done. The ALVIN has
supported ocean science programs at the Woods Hole Oceanographic Institution
for over 10 years, but those who have followed the program know the mainte-
nance of adequate funding support has been very difficult., Recently, Texas
A&M University's Department of Oceanography became the first academic insti-
tution to plan, budget, and procure a submersible in support of a university
program. It was a Perry PC-14 boat and part of the purchase costs were do-
nated by oil companies. There have been other submersibles donated to aca-
demic institutions (STAR III, LEEP JEEP, and DOWB to name a few) but none
of them ever got into service wtth their new owners.

Prospects for the Future

The creation of the Manned Undersea Science and Technology Office
(MUS&T) in the National Oceanic and Atmospheric Administration (NOAA) with-
in the Commerce Department and the Navy's'Submarine Development Group One
at San Diego have given administrative and operational focal points to
government support of submersibles. In addition, select committees of the
National Academy of Sciences and the National Academy of Engineering have
focused recently on the problem of manned undersea activities (NAS-NAE
1973). Finally, the University National Oceanographic Laboratory System
(UNOLS), administered under the support of the National Science Foundation,
the Office of Naval Research and NOAA, has worked out some programming for
submersible support for oceanographic research. This has recently come in-
to actual operation with a joint program for ALVIN which will be supported
by these three agencies. I

Nevertheless, the future is not too bright for submersibles in science
due to the overall funding problems. In fact, the future can be indexed

to the growth of support for ocean sciences and engineering in the United
States. If this support begins to come back and to increase, then--and
only then--will a general increase in the use of submersibles be seen in
oceanography.

The development of the functional unmanned submersible has been a
relatively recent phenomenon. This is not the old cable-lowered camera
system that we have used for years but a versatile, multisensor maneuverable
vehicle controlled through an umbilical by the operator on a mother ship.
The majority of this work has been done by a division of the U.S. Naval
Undersea Center (NUC) at San Diego where the CURV was developed and now a
whole new family of related vehicles is under development. The past 5 years
have brought consi.derable sophistication to detection systems (sonars,
lasers, magnetometers, etc.), cameras, low-light-level television, multifunc-
tion manipulators, and complex feedback control systems. Probably no area
of deep submergence systems has advanced so far in this period as have the
unmanned deep submersibles. The man is still in the loop but he is physi-
cally not in situ as with the manned submersible. Depth does not seem to be
a practical limit since the MIZAR system has been used in 16,000 feet of
water and the Navy's new Remote Underwater Work System (RUWS) now being
built by NUC will have a 20,000-ft depth capability. These systems offer
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costs reductions by not having to have life supporc systems and avoiding de-
sign par.alties inherent in man-rating a vehicle. These cost reductions can
also translate to a smaller vehicle for the same capability, thus increasing
portab ility.

I am still convinced that there is a major and expanding future for manned-
submersibles but I also welcome the increasing use of the unmanned systems
in the complimentary spectrum of capability from diver to deep submersible.

The future for submersibles, manned and unmanned, is bright. I am con-
vinced that we will see a dramatic increase in the small, highly transportable
boats in support of industrial work in the oceans. The designs and technology
will continue to be relatively conservative to hold down R&D and production
costs. Within 10 years many of these boats will have a capability for routine
work at 10,000-12,000 ft to permit operations across the continental shelves
and down to the base of the continental margins; however, the majority of
them will have about a 4000-f~t capability which will match the offshore oil
industry's projection of maximum drilling depth (for~ producing wells) by

r1985. There will continue to be the development of the hybrid submersibles7
which have diver-lockout capabilities, and which may carry their oln unmanned
submersibles on board for hazardous situations where a diver or manned ye-
hicle cannot get close to the site of interest.

I do not see any rapid development of the use of submersibles in support
of ocean science and engineering at the research institution level until
overall national support in these areas increases.

There will be continued governmental development of new ocean-engineering
materials, systems, and techniques--mainly by the Navy--to improve capability
of operating in the full depth range of the ocean~s. A great deal of this tech-
nology will be transferred to industry when cost savings or operational ad-
vantages gained are demonstrated. There will probably be very little indus-

trial research in submersible engineering as such.

The major forcing function in world-wide development of submersible
systems will be the energy crisis and the need to explore and develop ocean
sources of petroleum as quickly and efficiently as possible. This means
that there can be a rather good market developed for the supply of submer-
sible equipment to the world's offshore petroleum industry. At present the
United States, primarily through Perry, has a strong lead in this area. A
similar marketing venture with the unmanned vehicles may well begin soon

and U. S. interests will certainly have a lead here also.
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B. LIMITATIONS OF SMALL SUBMERSIBLES: L. SHUMAKER

Power Supply

Power requirements in small submersibles seem at this time to be their major
limitation. One definition of a submersible is a boat that has a short-
duration time and is very dependent on surface support. This is true, and
it is also true to a large cextnt of power technology. For a small boat to
submerge and perform the complex tasks needed there just isn't room for a
nuclear power plant. For political reasons we probably won't see that for
some time.

The primary power source for submersibles is still the lead-acid battery;
this has distinct limitations. It has a poor power-weight ratio. We have
gone in some cases, such as the DSRV and a .ew other boats, to the silver-
zinc battery but it is turning out to have more problems per lb than the lead-
zinc battery ever had. It's hopeful that we will see fuel cells as well as
other types of power packages in the near future. One package is a closed-
cycle brake turbine device using something in the form of carbon blocks or
liquid salt to store heat. This has promise but, unfortunately money and
other problems are slowing down development somewhat.

Submersibles fall into size ranges: the smaller the submarine, the fewer
lead-acid batteries it can carry and the shorter its duration potential.
A smaller boat, such as NEKTON, is probably in the 2- to 4-hr time range.
DSRV's are now running about 5 hr: ALVIN generally runs in the 8-hr range
and DEEPQUEST has a 12-hr capability. The only submersible that had long-
term staying power was the BEN FRANKLIN.

Launch and Recovery

Another major area of limitations is the launch and recovery procedure.
A cost of acquiring a submarine is only the beginning. A support ship with
transporting, launching, and recovery capability is then required. Launch-
ing is difficult except under perfect weather conditions. Weather becomes
a major limitation. There are many attempts being made to solve this through
submerged launch and recovery techniques--for example, the DSRV will be
launched utilizing the catamaran ASR. The elevator-type method of launch
and recovery used by ALVIN and DEEPQUEST has not proven to have a much greater
sea-state capability than previously used methods. It does provide more com-
fort and reliability with less chance of accidents associated with the heavy
crane system. The most common current method of launching a submersible is
by crane. One submersible pioneer said after witnessing such a launch during
heavy seas, "It is really amazing, the scientific advances we have made: we
used to destroy buildings that way, now we launch submarines." One other
development which may be used before too long is the semisubmerged ship con-
cept with an elevator to get the submersible under the surface of the ocean.
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It looks like a very promising thing, but will carry a high price tag.

Fatiaue

Personnel fat~igue is another limitation on small submersibles--although
in most cases the battery runs out of energy before the human being doeS.
This is particularly true of the diver who is deeply interested in what he
is doing. As a general rule, my observation has been that anywhere between
8 and 12 hours, personnel fatigue begins to show. This is amazing consider-
ing that space is cramped, temperatures are either too high or too low,
humidity iG uncomfortable and so on. Moving around space is the most criti-
cal of this group.

Waste Disposal

Design engineers tend to think of human waste disposal as a limitation.
We have never found that to be a problem. Absoluitely refraining from liquids
for about 12 hr before each dive seemed to be the best solution of the problem.
This procedure worked well for an 8-hr dive and was used by most of the boats
in the command. Indeed it became a matter of pride to last throughout the
whole dive; that is, until we began to make 12-hr dives routinely. After
the second 12-hr dive, we utilized the sanitary facilities on board. DEEP-
QUEST carried a sort of camper stool and a number of kinds of plastic bags;
the system worked but with five people in the submarine it was messy some-
times. Again, the 8- to 12-hr range is not a severe problem. With much
longer ranges and much longer times, attention must be given to waste dis-
posal.

Life Support Systems

Life support systems are not yet a direct limi ation in that the amcunlt
of power we have limits the endurance of the boats. Present technology can
very easily provide the amount of oxygen and the amount of CO2 scrubbing i•eeded.
Indirectly, however, life support systems are limiting because of the safety
requirements. These problems will be discussed in another section of this
report. Everybody is taking a very hard look at the survivability of the
submersible when, in effect, it cannot surface on its own. What sort of re-
sponse time do the rescue systems have? Recent experiences indicate that it
takes a minimum of 48 to 72 h7: to get help to divers stranded on the bottom.
Because cf this, everybody is trying very hard to increase their life support
capabilities. We in the ALVIN have increaseu ours to 216 man-hours, or 72
hours for the submarine. But even that is marginal. If one stops to think
of the areas where a submersible might be operating and how long it would
take to get assistance to it, 72 hr is very close. Considering storage space
on boaru as related to the present approved state-of-the-art devices for pro-
viding oxygen and absorbing C02 without over-crowding the boat, it would be
difficult to provide much more.

Life support technology is a subject that needs a hard look. There are
many possibilities, such as external storage of life support materials.
There are some beautiful methods for absorbing C02, but most of them are
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as yet too bulky for small submersibles. Lithium hydroxide seems to be the
best thing we have right now. There is surely P. better or more efficient
system and I hope that we will find it soon. I think everybody would be
more comfortaible if we had at least a week's life support for these boats.
I also believe that the medical people should review what sort of increased
life support capabilities a diver may get by decreasing metabolic rate, once
he knows he's in trouble. It is probably possible down to a certain point
and then one crosses over the temperature areas and starts to get cold. At K
this point it becomes necessary to move around and warm up. We in the opera-
tional side of it have a feeltng there is potential there. We know we can
iticrease our supplies by slowing down; we also know that once we start to
run into the cold problem there are diminishing returns. But we don't really
have sufficient information. Possibly a lot of good work could be done and
made available to the operating people. These are the sorts of things that
it would be sensible to include in operational procedures. Our new pilots
coming along should be familiar with steps they could take to conserve their
life-endurance supplies.

Communications

SAnother limitation area that became especially important to me personally
at one time is that of communications. We should divide that into internal
and external. Internal co..inunication in the very small submersibles does
not seem to be a large problem. They don't have a lot of noise-generatilng
equipment. Usually a diver is so close to his partner thathe can talk right
into his ear without moving anyway. Some of the more sophisticated boats
have a very noisy environment with compressors running, inverters and conver-
ters operating; this makes it very difficult to talk. The DSRV is a very
good system, but internal communications, external communications, the sonar,
and the fathometer feed into the same set of headsets. Any one could be
turned off to use another but one day we ran into a problem and had to turn
off the external communication system to use the sonar and to talk with one

another about what was going on. When the problem had bean solved, I forgot
to turn the switch back to the normal mode. An hour later we discovered thatI almost the entire U. S. Navy was up there yelling for our hides because we
had riot communicated. Perhaps there is no simple solution to that problem
but integration of communications systems is important in submarine design.

External communications is somewhat simpler; the limitations there do not
seem to be very severe. Since the early days we have managed to converse
fairly well with the people on the surface. Perhaps the only serious limita-
tion is that the pilot often prefers not to talk to the people on the surface.
People on the surface seem to want to keep up a steady communication. A
compromise that has worked generally well for us is that we communicate every
30 minutes. Communications are good and, in general, very reliable. I know
of no serious problem incidents. We do have a backup system that allows com-
mui..cation by code or by simple Morse--dot-dash words to express very
simple things like, "I'm coming up; get out of the way," or, "I've got a real
problem here."
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Fire Safety

Fire problems such as fire in the sphere can create a difficult situation.
l'm always surprised that we have had so few incidents. The importance of
this is obvious. Everybody new coming into the program is immediately con-
cerned with the possibility of fire. We have been through one or two of the
small ones. Mr. Li from Lockheed will remember a "little smoking" in the
compartment one day. In fact it is rumored he lapsed into Chinese. The most
important action, initially, is to carefully evaluate all of the materials
that go into a submarine, not just fro.- a flammability standpoint, but also
for toxicity. At what temperature does the safe insulation material suddenly
become a generator of some compound of chlorine that can tear your lungs
apart. These things are sometimes overlooked in submersible programs. In
most of the programs with which I have been associated we have used a great
deal of precaution but that is not to say that there is not room for more
research. Where there is an absolute need to put a capability into the
submarine and a safe piece of equipment is simply not available, it may be
necessary to accept a fire risk that would be Rreater than desirable. Hope-
fully it will be possible to eliminate as much of the undesirable material
as possible. Clothing cn the market today including nice colorful shirts
and warm jackets may be very dangerous when put into a closed environment.
There is always a possibility of fire and if these materials once catch fire,
they may burn very quickly. Operators must make sure that people riding in
the boats are not wearing this type of clothing.

I have been askeL about women divers. At Wood's Hole women scientists
dive, some regularly at 6,7, and 8000 ft. Lipstick, or any form of lip aid,
are forbidden because those compounds can be very dangerous under certain
kinds of conditions. Here again, it is the principle of eliminating the
hazards first, and doing the best you can then to provide for the ones you
can't eliminate.

1 get into many arguments over whether CO2 or dry powder extinguishers
are best. Each of these have good and bad features. CO2 released into the
boat will immediately extinguish a fire, but it could also immediately ex-

tinguish the occupants; use of an emergency breathing system is neck'•sary.
If you have a closed-cycle system and you use your normal hydroxide system
to get rid of the CO2 it may take too long and of course exhaust the system
for further use. The dry powder, on the other hand, does leave quite a mess
and it is hard to clean up. So, as with most dangers, the best thing to do
is -o avoid the fire. Another alternative is to go on the boat's BTB system,
or closed-loop system and let the fire burn itself out as the oxygen is used
up. I have never put that alternative to the test, however.

There are many kinds of emergency breathing equipment. For a number of
years operators simply carried a scuba bottle and went onto an open-circuit
emergency system. This is acceptable for a very short duration, but it has
always had one drawback--pressure buildup. There are many good, closed-
cycle systems on the market today. Scott makes one and there are others.
The system should be kept closed-cycle and isolated from the remainder of
the environment.

1-15



Some people look on the scuba emergency breathing equipment as an escape
system also. It mioht be in a shallow situation. I have not piloted shallow
boats that spend a iarge percentage of time in water where escape is a pos-
sibility. Most submersibles going to any depths at all will spend such a.
small percentage of time at shallow depths that to degrade any other system
to provide an escape capability is really not desirable. 1 know I may get
into a lot of arguments over this stand. My own feeling is that the submer-
sible should be its own escape system. It should be designed and operated
in such a manner that escape is never neceasary. Obviously, there are times
when this is not possible. But in most submersibles the hatch can't be
operated without flooding the submarine. Further, unless you can flood the
submarine very rapidly you are going to get into the decompression problem
by the time you get out. Then rapid ascent to the surface will put you in-
to pretty bad shape. I would much rather devote my attention to making the
whole submarine safe and operable in such a way that I don't get into that
unsafe position. Again, I do not wish to degrade any other system.

General Limitations

There are a few other areas of limitation, rather general and artificial
to some extent. Most small submerbibles operate under some form of certifi-
cation or classification. The Navy boats and the boats that are leased to
or are operated for the Navy, all fall under the Navy certification program.
This puts some very definite limitations on the boat and on its operations.
There are numerous requiretients under the certification program. The first
requirement is thorough testing with documentation of all the systems. The
pressure hull has to be sound, which is sort of a basic tenet. Each system
is examin:ed for occupant safety. In some cases it'is undesirable to make
a system certifiable because it imposes restraints that you may not want to
have to meet. It may iiean a redundancy that otherwise is not necessary. For
example, in the case of ALV-N we f&lt early on that it waQ undesirable to
certify our propulsion system unde. Navy rules. Certification would have
meant that we had to jrvide almos,. a totally redundant propulsion system--re-
dundant wiring and redundant power supplies--if it were to be a safety item.
It would have made the boat much bigger and heavier, and not as flexible as
we wanted it to be. We compromised with the Navy certification people by
changing o.tr operaLional procedures so that we would never operate underneath
anything, such as an overhang$ wireor cable. In this way, no matter what 4

might happen to the boat thcre would ba straight-up access to the surface.
Therefore no certificatý3n requireiuent was necessary for propulsion. This is
Just one example, among many ot;.-rs which places some sort of limitation on

the submarine.

Personnel and Training

Personnel and their training can provide a great limitation on the submer-
sible. Without trying to be argumentative wito development group personnel,
I think the Navy, in their operational submersibles, go through an undesir-
able program of rotating people. This means that they have much greater
training requirements on submersibles than we do with our very steady crew.
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Our chief pilot has been there for 10 years. My number two pilot has been
there "or 5 years and so on. We don't have an ongoing training requirement.
We are therefore able to operate with only one pilot all of the time. We
have only one or two training or certification dives a year with the experi-
enced pilots we have, and we are therefore always able to carry two obser-
vers with us. This adds a great deal to the capability of the stibmarine
and increa3es efficiency. A very high training requirement constrains yau
to carry a pilot with the trainee, unless you have a lot of free time or free
dives (which in my environment I don't often see). Training is also expen-
sive. Finally, I think training of the other occupants needs discussion.
This is not just training in the areas uf life support and emergency proce-
dures. We found out last summer on a very successful operation that our
efficiency was increased by spending a week in the spring with the scientists,
making dives and doing straight-forward training. Using their equipment,
and through the use of the submarine, they learned how to observe efficiently
out of the window. They remembered to push the right button on their tape.
recorders to advance the film in their cameras. In short lack of training
of participants becomes a severe limitation on the submersible. I think that
is a pretty fair catalog of the limitatiohs.
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C, LIFE SUPPORT SYSTEMS: F. PARKER

Although I have been invited to speak on the general subject of submerbible
life support systems (which embraces a number of areas including atmosphere
control, temperature and humidity control, food and water supplies, waste
management, clothing, etc.), I wish to limit most of my presentation today
to the two major parameters of the atmosphere control system--oxygen partial
pressure control and carbon dioxide control. In addition, I will make a few
r marks about a possible .nethod of integrating a portion of the atmosphere
temperature and humidity control system into the design of the submersible.
I emphasize these parameters because the degree of optimization of these
subsystems is related directly to the length of time the operators of a sub-
mersible ý.ill have available in the event of an cccidental delay in recovery.

Oxygen Partial Pressure Control

Permissible levels for oxygen partial -ressure

Although man can function for an indefinite period at an alveolar oxygen
level of 60 mm Hg (equivalent to breathing air aý 10,000 ft), there is no
advantage in selecting an oxygen level which will provide an alveolar P02
below 100 mm Hg (equivalent to breathing air at sea level). For a nonhyper-
baric system this requires a cabin PO of 160 mm Hg. To assure that the oxygen
partial pressure is at least at this level it is necessary to increase the
nominal control level to something higher than 160 mm Hg. This allows for
some deviation due to control-jysten tolerances and nonhomogeneity in the cabin
atmosphere. Nonhomogeneity problems can occur under hyperbaric conditions,
where atmosphere mixing through gaseous diffusion is much poorer than is
generally imagined even by many persons working in the field. Rather arbi-
trarily, a minimum atmospheric P02 in the order of thiee-tenths of a stan-
dard atmosphere (P02 = 230 mm Hg) is suggested.

It is sometimes desired to use a higher ambient P02 than the minimum, par-
ticularly for lock-out submersibles, in order to decrease decompression time.
The ever present danger of fire when the oxygen partial pressure is high, and
particularly when both the oxygen partial pressure and percentage of oxygen
are high, is not a topic for this presentation. However, it is something
which must always be considered, not only in selecting a control PO2 level,
but in the design of the submersible itself; it requires the elimination of
possible ignition energy sources and careful material selection, etc.

Figure IC-l shows several estimates of the upper physiological limit for
the atmosphere oxygen partial pressure versus time. In selecting a control
level, practical consideration must again be given to the fact that some de-
gree of deviation will exist between the selected level and the actual control
level. As the common failure mode of most oxygen sensors is in the direction
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Fig. IC-1, Oxygen toxicity.

of decreasing signal (which causes controlled PO2 level to increase), it is
recommended that the set level be substantially 5e.low the maximum levels shown.
Unless there are compelling reasons to select a higher level it is suggested i•
that the maximum set level 'ue- no more than that defined by the dashed curve
drawn on Fig. IC-I, from the 760 mm Hg/l-hr point to the lower suggested

level of 230 mm Hg, at 1 week. Again, these levels are quite arbitrary but
are suggested assuming the absence of other overriding criteria.

Oxygen requirement

The amount of oxygen that a man uses varies with his physical activity
level. Table IC-I shows several examples of his oxygen-consumption rate when

seated and engaged in the indicated tasks. An average oxygen-consumption
rate over the course of a full day would be close to the very light work level.
For design purposes, 24-hr consumption of about 1 kg/man can be assumed.

oxygen control methods

Various ways of controlling the oxygen partial pressure are given in
Table IC-2. The first is manual control. Because the oxygen partial pressure.
level changes quite slowly, it is simple to manually control the oxygen level,
particularly if the oxygen-measuring instrument incorporates level alarms.
However, P02 is also easy to control automarl.--ally, which leaves the crew
free for other tasks.
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Table IC-1. Oxygen requirements

Work Classification 02 Consumption Example
(liters/min),

Very light work below 0.6 Taking lecture notes

Light work 0.6 - 1.1 Light assembly

Moderate work 1.1 - 1.6 Rowing (pleasure)

Heavy work 1.6 - 2.2 Cycling rapidly (own pace)

Very heavy work 2.2 - 2.7 Cycling rapidly (13.2 mph)

Unduly heavy wo:k over 2.7 Sculling (100 strokes/min)

All activities performed sitting.

Table IC-2. Oxygen control inethods

Total Pressure Control Semi-closed P02 Control

Manual ------ ----------

Automatic Only safe for relatively For relatively low Suitable for any
low total pressures total pressures and dept~h and cabin

relatively fixed pressure
Only safe if there is no operating depths--i.e.
way by which a diluent TEKTITE- controlled
gas can be added to the atmosphere equals
atmosphere. ambient pressure

Total pressure control--Of the automatic control methods, the simplest is
by means of total pressure control. As noted this method is only safe for
comparatively low total pressures where the oxygen partial pressure forms
a substantial percentage of the total pressure. Where oe oxygen percentage
is low, as in hyperbaric compartments, total pressure trol deviation can
impose an unacceptably high variation in the P02 leve Also this system
is not safe if there is any possibility of leakage of '.,ert gas into the cabin
atmosphere.

Semi-closed system--For relatively low total pressure hyperbaric atmospheres,
operating at a relatively fixed depth, aLd where the cabin pressure is equal
to the surrounding water pressure, a semi-closed system for controlling PO
can be used. This system is limited in application because of the physical
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constraints mentioned but is included because of its simplicity. In this
system a gas (e.g. compressed air) is added to the cabin atmosphere at a rate
such that the PO of the compressed air being added, less the desired cabin
P0 2 , multiplied by the flow rate, is equal to the average oxygen-consumption
rate. Cabin P02 will fluctuate somewhat with physical activity of the occu-
pants, but in a relatively large cabin the variation will be modest. The
flow rate would be adjusted if P02 deviates too far from the desired level.

Automatic system--Perhaps the simplest of all systems is the completely
automatic system in which oxygen is added automatically by means of a sole-
noid valve in response to a signal from an oxygen partial pressure-controlled
activator. In such a system it is recommended that three sensors be used,
unless it is simple to calibrate the censors in the event of a disparity in
readings; in which case two sensors are adequate.

P09 sensor--In each of the above systems an essential ingredient is a
reliable oxygen partial pressure sensor, either for monitoring only, or for
both monitoring and controlling (Fig. IC-2). Oxygen molecules enter the

02
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Fig. IC-2. Oxygen sensor.

sensor through a diffusion membrane at a rate proportional to the ambient
P02. Within the cell they go into solution in the electrolyte and are
reduced on the surface of a gold-sensing electrode, forming hydroxide ions,
The electrons required to form the hydroxide ions are provided by the half-
cell reaction in which hydroxide ions combine with the lead-counter electrode,
forming lead oxide. The electron flow from the counter electrode to the sens-
ing electrode is through an external load resistor, and is directly propor-
tional to the diffusion rate of oxygen into the cell. The cell is temperature
compensated (to account for the fact that the permeability of the membrane
increases with temperature) by using a thermistor with an appropriate nega-
tive temperature coefficient of resistance as the load resistor across which
the sensor ouitput is read, Tite output of such a cell is adequate to drive
a meter directly witholit requiring any additional energy source. Such an
instrument, ruqkiiring only a sensor, a calibration pot, and the meter display
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Fig. IC-3. Oxygen analyzer. Fig. IC-4. Oxygen monitor with alarms.

Fig. TC-5. Hyperbaric oxygen monitor controller.
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is shown in Fig. IC-3. A more sophisticated instrument (Fig. IC-4) re-
quiring a rechargeable battery, provides several dcales to enhance reading
accuracy. In addition it has both audio and visual alarms which are actl-
vated by individually adjustable high and low alarms. A still more sophisti-
cated instrument. (Fig. IC-5) averages the inputs of three sensors, rejecting
the input from any sensor which deviates too much from the other two. When
the average reading decreases to the control level a built-in solenoid opens,
adding oxygen to the atmosphere until the cabin P02 is increased slightly above
the "add oxygen" level. Both audio and visual high and low PO2 alarms are
included. The alarm is also triggered if a deviation occurs in the three
sensor inputs. The selector switch on the face of the instrument permits the
operator to read out the set control level, the average sensor reading, and
each of the individual sensor reading.

Oxygen storage methods

Several methods are available for supplying the required oxygen--high pres-
sure, solid, cryogenic, and superoxides add peroxides. The simplest storage
method is high pressure gas. Solid oxygen is a useful way of carrying extra
oxygen for emergency use. A solid oxygen device providing medically pure
oxygen is shown in Fig. IC-6. This device is not restartable. When ignited,
in a special canister, it produces its oxygen over a relatively short time.
The 90 liters obtained from such a unit would rtise the oxygen level only
elightly, even in a small cabin, so the fact that it is added in a short period
of time is not considered a disadvantage for submersible use.

4 HIGH

SOLID 02 SUPPL

90 LITERS (S LJWN. for 15 MN.)

Fig. IC-6. Solid oxygen device.

Cryogenic storage, though reducing both container weight and volume from
that required by the high pressure gas storage system, poses a number of
design problems, and possibly a logistic problem. Used in conjunction with
a C02 removal system (by freeze out) it has interesting possibilities for a
sophisticated submersible.
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The superoxides and peroxides are used not only to supply oxygen but to
absorb carbon dioxide as well. Oxygen partial pressure control can be a
problem as the C02 removal rate and oxygen-production rate do not exactly
balance the respiratory quotient(R. Q.) of the crew. This problem is
magnified in the case of a hyperbaric compartment and would require the use
of auxilliary equipment to control the PO2 .

In summary, high pressure gaseous oxygen is the optimum method of storage
from the standpoint of cost, logistics, controlability, and simplicity of
system design. However, it carries something of a weight and volume penalty,
which may or may not be significant depending on the overall submersible
design constraints.

Carbtn Dioxide Control

Perhaps the single most important part of this presentation because it may
well be the limiting factor in providing time for emergency recovery is C02
control.

A man's carbon dioxide-generation rate as a fraction of his oxygen-
consumption rate defines the R. Q. for which we can--again somewhat arbi-
trarily--assume a typical value of approximately 0.82. That is, for each
liter of oxygen consumed metabolically 820 c.c. of CO2 will be produced.

The physiological effects of elevated PCO2 levels as a function of time
are shown in Fig. IC-7. A reasonable design level for submersible use
is about 1% (of a standard atmosphere), or about 8 mm Hg.
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Fig. IC-7. Toxic effects of C02. (This figure is reprinted from the NASA
Bioastronautics Data Book, SP3006, 1973.
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Carbon dioxide removal methods

Various methods for removing CO2 from the cabin atmosphere are shown in
Fig. IC-8. The first method is the simplest and most reliable, assuming
proper design of the scrubber system. The various metal hydroxides react
with carbon dioxide to form carbonates and water. We will discuss this
method of removal in more detail later.

CO 2 CONTROL -- REMOVAL METHODS

ALKALI METAL HYDROXIDES

Eg.: BARALYME, SODASORB, LITHIUM HYDROXIDE

M OH + CO 2  --- M2CO 3 + H20 (Net reaction)

FREEZE OUT -- POSSIBLE APPLICATION IF CRYOGENIC
STORAGE SYSTEM IS USED FOR GAS SUP'!,IES.

02 4 Dil. * CO2 + H2 0 Cryogenic Supply

02 + Dil- •

Regenerative Heat Exchanger

ALKALI METAL SUPER OXIDES / PEROXIDES / OZONIDES

WITH SIMULTANEOUS LIBERATION OF OXYGEN

Fig. IC-8. C02 control.

The second method has already been referred to, freezing out the CO2.

As shown schematically, a regenerative type heat exchanger is assumed in
which the inlet gas to the cryogenic system is chilled by transferring its
heat to the scrubbed gas leaving the cryogenic heat exchanger. This is
necessary to prevent excessive boil off of the liquid oxygen. C02, water vapor,
and other relatively high freezing temperature contminants are frozen out
within the heat exchangers--which of course must be designed with adequate
capacity to hold the frozen contaminants.

The third method of C02 removal superoxides and peroxides, was also
previously mentioned, as was a significant drawback to its use. In addi-
tion these chemicals tend to be quite expensive.

Other possible methods of removing C02 involve the use of regenerable
absorbents-adsorbents, of which a number exist. However, practicality would
limit their use to larger, long-duration submersibles. The regenerable systems,
though energy consuming, do have the advantage that large amounts of expendable
absorbents need not be carried. Still other rather sophisticated methods of
removal are possible--such as concentrating the C02 by means of permi-selective
membranes and then transferring it to the ambient water by diffusion. To my
knowledge these latter techniques have not been developed sufficiently to
make them practical for application, at least in the near future, to the class
of submersibles we are presently discussing.

Now, to get back to the first method of removing C02 (absorption by metal
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hydroxides), certain design parameters are important to succc-3sful operation.
Table IC-3 lists a number of :resign criteria.

Table IC-3. Design criteria

CHANNELLING REACTION TIME LOW TEMPERATURE

Relatively short flow Adequate volume of (causes reduction in reaction
path chemical and excessive hydration)

Good flow distribu- Fixed installation
tion

Portable system Insulation/heating

POOR DIFFUSION AT HIGH PRESSURES

Reduce size of granules Increase reaction time

Increase porisity of granules Improve distribution

Type of chemical Increase temperature

Channeling and pressure drop--Channeling occurs in a scrubber when a substan-
tial portion of the gas ducts through a low-resistance path (caused for example
by settling of the absorbent granules) instead of distributing in a proper
manner around each of the granules. The result of course is that the carbon
dioxide in the high-velocity flow path is largely unabsorbed. To prevent -4
this several techniques arL commonly used, including shaking of the canister
to settle the granules when filling the canister and applying spring pres-
sure to the granules--after filling--to keep them compacted. These techniques
help considerably, but they do not solve the problem. The most helpful ap-
proach is to design the canister with a large cross section normal to a short
flow path, i.e. with a small length to diameter ratio. Then, if a flow dis-
tributor is placed at both the canister inlet and exit, this serves to distri-
bute the flow evenly throughout the bed; the pressure drop through the gra-
nules only accounts for a relatively small part of the overall pressure drop
through the canister. However, because the cross section of the canister is
large the absolute value of the pressure drop is still very low. This is
important because flow work is a function of the flow volume multiplied by
the pressure drip. Consequently, the scrubber-blower power increases line-
arly with flow resistance. More importantly for equipment in which the man
supplies the flow energy, the absolute work of breathing increr7.& dramati-
cally with pressure drop due' to the very low mechanical efficiency of breath-
ing (about 3 - 6%). For hyperbaric environments, and particularly where the
user engages in extra vehicular diving operations (where his respiratory
musculature is already severly taxed), it is most important to design for
maximum pressure drop. In this context it is very significant to consider
the advantages of laminar flow (which occurs at low Reynolds numbers) over
turbulent flow.
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The Reynolds number, RD, is equal to a characteristic dimeitsion of the cross
section of the flow path, D, multiplied by the flow velocity, V, times the
gas density, p, divided by the gas viscosity, P, or:

RD- DV(

The general expression for pressure drop is:

L PV2 -- - -- (2)
AP=4 fD 2g

where L is the length of the flow path, g is the acceleration due to gravity,
f is the friction factor.

For laminar flow the friction factor is equal to 16 divided by the Reynolds
number. Making this substitution the expression for pressure drop becomes:

32 PLV

D2g (3)

Pressure drop in laminar flow is therefore linear with velocity and indepen-
dent of gas density and consequently, pressure. The only property remaining
is the viscosity which increases only slightly with pressure.

The significanze of these calculations is that the flow distributor (and
indeed the entire scrubber) can be designed so that flow takes place in the
laminar flow range (by virtue of the fact that "D" can be made very small for
the flow paths through the distributor and between absorbent granules).
Consequently, if the scrubber is designed for a low pressure drop at 1 atm
it will remain low even under hyperbaric conditions.

Reaction time--The C02-containing gas must be in contact with the granules
for a significant period of time so that the C02 can diffuse into the granulc~s.
For a given flow rate through the canister, reaction time is proportional to
the volume of the chemical bed, and independent of the bed shape. In a
cabin-scrubber type of installation it is advantageous to use two canisters
in series, with one canister at a time being replaced. When replacing a
canister the upstream canister, and a new downstream canister is inserted.
In this way the total volume of the absorbent is made large and only the most
thoroughly used portion is discarded.

For portable systems, in which the crew exhales direct'y into the scrubber,
the free volume (surrounding the granules) should be at least as great as a
large breath so that each exhaled breath is retained in the bed for a full
inhalation-exhalation cycle.

Low temperature--A low absorbent-bed temperature has two deleterious effects.
The first is that reaction times are increased. The second, and more signi-
ficant factor, is that condensation occurs on the surface of the granules
and on the walls of the canister--from which it is soaked up by the adjoining
granules. The liquid water excessively hydrates the surface of the granules,

* I1-27



4# •?: , + + ...... • ,+ .++ .. ..- • -,+ + •.+ • ++ .. .. - . .... - ++ .. . . . . ...... . ... +: *... *-- -- -

IM

r

forming a solution which glazes the surface and physically impedes the trans-
fer of carbon dioxide molecules to the active reaction sites within the
grzxules. Furthermore, if the gas is dehydrated adequately (due to a very
low bed temperature) the reaction rate is very seriously impeded because it
is possible to dry the chemical absorbent granules to the anhydrous state.
As the presence of water is necessary in the overall reaction (carbonic
acid is first formed, which then reacts with the metal hydroxide) the pre-
sence of the anhydrous chemical becomes a major problem. Figure 1C-9 shows
the hydration states of lithium hydroxide as a function of the water vapor
partial pressure and temperature. Similar curves exist for the various
other metal hydroxides of interest. As long as the chemical r_.nains within
the central band, i.e. as a monohydrate, good Absorption can be expected.
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Fig. Iu-9. Hydration states for LIOH

In many cases the low-temperature effects can be largely eliminated by
insulating the inlet gas-flow path and the canister. This would prevent
the inlet tcmperature and absolute humidity level of the inlet gas from
dropping too low and would retain the heat generated during the actual re-
action within the bed. Heating (and humidification) of the inlet gas may be
necessary if the scrubber is to be used at very high pressures and very low
temperatures.

High pressure--When a C02 scrubber is used under hyperbaric conditions diffu-
sion rates are radically decreased and it is a problem for the CO2 molezules
to reach the deeper reaction sites within the granules. Under these c)ndi-
tions, reduction in the size and density of the granules is beneficial.

1-28



A chemical (such as lithium hydroxide) with better low-temperature perfor-
mance may be indicated for certain applications. (NOTE: Applications can
be limited by cost, alkalinity, and the highly irritating effect of the
dust on the respiratory tract.)

In addition, previously discussed factors including reaction time, gas
distribution, and temperature control become increasingly important as the
density of the gas increases and must be considered in the scrubber design.

Temperature and humidity control--Temperature control is not a major problem
in a I-atm compartment, although humidity control may be due to condensation
on cold walls and equipment.

In lock-out compartments heat loss from the crew to the hyperbaric environ-
ment can be a major ptoblem in the event of delayed recovery. Heat loss
occurs via a number of routes: evaporatikn (sensible and inaensible), radl-
ation, convection (free and forced), and respiration. The first two do not
increase with increasing pressure. The third, convection, can be controlled
by providing adequate clothing. The two applicable expressions for convective
heat loss are:

FREE CONVECTION. hc 0.55K iC 3LP T2 ' 1/4 (4)
S\ •2 T _

SK. .. , 08P0.
FORCED CONVECTION hc = K 0.8 C 0 (5)

Table IC-4 lists the values of the gas properties for both nitrogen and
helium.

Table IC-4. Values for room temp. at 1 Atm.

Property N2  He High Pressure Effect

Conductivity - K BTU/hr. ft2F/F 0.015 0.082 very small increase

Viscosity - p#/Ft. hr. 0.045 0.050 small increase

3
Density - p#/Ft. 0.072 0.010 approx. linear with press

Specific heat - C BTU/#°F 0.250 1.24 very small increase
p
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At hyperbaric pr ssures, heat loss is increased from increased density. When
helium is used there is a sharp decrease in the density but this is offset
by the large increase in conductivity. In any case, as mentioned earl-.Ier,
convective losses can be controlled by the provision of adequate clothing.

The amount of heat lost by the fourth route, respiration, is directly
proportional to pressure. At 1 atm respiration losses account for only a
small proportion of the overall body heat loss but, at very high pressures
and with a cold breathing medium, the heat loss becomes intolerable. No
amount of clothing can solve the problem. The only solution is to raise the
inhaled gas temperature to an appropriate level. As electrical energy is
liable to be in short supply during a protracted recovery period, insulation
of the cabin seems to be a requirement.

A possible design approach to obtain the required insulation is to build
a double wall hull. In this approach, air is forced (or permitted to flow
by natural convection) between the pressure hull and an insulated inner wall.
Condensation will form on the outer wall and maintain the inner compartment
in a dry condition. Temperature control would be achieved by controlling
the circulation rate of the atmosphere between the two hulls.

Emergency breathing systems--It may not be practical from the standpoint of
power consumption to maintain the normal installed C02 -removal system in
operation for protracted periods of time (for example, in the event of a mis-
hap which requires surface-assisted recovery of the vehicle). For such situa-
tions it is advisable to provide a back-up breathing system which is not de-
pendent on ships power for blower operation. This system would alLoo be avail-
able as a back-up in the event of blower failure in the primary unit.

Such a system is shown in Fig. IC-10; it consists of a C02 scrubber, a
mask, and an oxygen monitor. 02 make-up to the cabin is accomplished manually.
Fig. IC-11 shows a completely automated closed system incorporating three
oxygen sensors, the average of which is used to control the oxygen partial
pressure. Should one of the sensors deviate in output from the other two,
its signsl is electronically limited so that the two sensors with the same
output control the P02. A panel incorporating controls and displays is pro-
vided so that the operator can monitor the system and override the automatic
features if he so desires. Diluent gas is automatically added to the system
should the pressure in the submarine compartment be increased. This system
has the advantage (because it is closed) that it provides a clean atmosphere
in the event that the c3mpartment atmosphere is contaminated by products of
combustion, or by any other means. Essentially the same closed circuit,
packaged as a swimming rig, is seen in Fig. IC-12; this unit can do double
duty as a piece of diving gear for extra vehicular activities (for submer-
sibles with lock-out compartments) or act as a closed life support system
for onboard use in the event of an emergency.

Summary--In summary, I have directed most of my remarks to means of optimiz-
ing a CO2 scrubber, utilizing metal hydroxide absorbents, because it is pre-
sently the most practical method of control for small submersibles. The
amount that can be carried is limited because of the considerable bulk of the
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Fig. IC-lO. Hyperbaric CO2 scrubber an~d oxygen monitor (with alarms).

Fig. IC-li. Emergency closed
life support system.

Fig. IC-12. Closed-circuit div~ng gear (500-ft lock-out dive, Bahamas,
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chemical. Therefore, the amount of time available for recovery of the crew
in the event of a mishap is directly related to the efficiency of the scrubber
system.

Oxygen requirements, storage methods, and methods of partial pressure con-
trol have also been discussed and in each area typical, presently available
equipment, both automatic and manual, have been shown. Finally, the problem
of mrintaining an adequately high inspiration gas temperature in a hyperbaric
compartment during a protracted delay in recovery has been briefly examined.

13
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D. DIVING SUPPORT FOR M4ANNED SUBMERSIBLES: H. PASS

Divers

Divers, as employed by Vickers Oceanics, are in fact surface swimmers
using scuba gear and wetsuits. They are called diver/maintainers because,
in addition to support diving, a V.O.L. diver also works on the submersible
system. When recruiting divers, V.O.L. is therefore looking for men who,
in addition to being experienced divers, also have expertise in electrics,
electronics, or hydraulics/mechanics. They mist also, of course, be physi-
cally and mentally fit, over 18, and have diving experience and qualifications
through the British Sub-aqua Club, the Royal Navy, or similar bodies.

One of their primary roles is assisting in launch and recovery of sub-
mersibles from mother ships. It would therefore, as an introduction, be
appropriate to look at a typlcal operating unit that V.O.L. employs in its
offshore work. VICKERS VOYAGER, a converted stern trawler of some 4500 tons
and 275 ft length, c-arries a crew of 29 plus up to 20 supernumeraries, com-
prising operations personnel, charterer's representative's,etc. P III is a
PISCES-type, 2-3 man submersible with a 3000-ft depth capability. Diving
support consists of a team of three men: a diver, a stand-by diver, and a
Gemini driver. The standard procedure for a launch and recovery is discussed
below.

Launch

The Gemini driver checks his boat prior to a launch and runs through a
check list to see that the Gemini is fully equipped. He wears an orange
flotation suit and carries a VHF radio, which he also tests. The Gemini plus
the driver and stand-by diver is then lowered into the water and takes up a
position on the stern quarter. On board the mother ship, the diver has
climbed onto the submersible which, with its ciew aboard, has had the lift-
line and tow-line attached. The submersible is then hoisted clear of its
trolley until the diver can engage the handling gear strops onto the sub-
mersible's lifting hook, which steadies the submersible during launch. The
diver signals that he has done this and the lift-line is slackened to put the
full weight of the submersible on the strops.

Using the tow-line as an extra steady, the handling frame is then rammed
out with the diver standing up and holding on to the lift-line. When fully
rammed out, the weight is taken again on the lift-line to allow the diver to
disengage the strops. He signals that this is done and the submersible is
lowered into the water up to the level of her propulsion motors. The last
part of the actual launch is made quickly in accordance with wave movement
to prevent any inatch on the line. The lift-line is then fully slackened and
the diver uncouples the shackle. The tow-line is paid out until the submersible
is some 50 ft astern of the ship, which during launch and recovery heads into
the sea. At this point the ship stops to slacken the tow-rope and signals the
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diver to disconnect the tows. Entering the water, the diver relqases the
tow, holding the snap-hook aloft to show that this has been done, removes
the camera lens cover, and remounts the submersible. The Gemini closes
the submersible and the stand-by diver passes to the diver the marker
buoy-line, which the diver connects to the submersible and signals having
done so. The ship then gives the submersible clearance to dive and the
diver assists by flooding the sail. When the submersible has sunk under
him, the diver climbs aboard the Gemini.

The two men in the Gemini have been paying out the buoy-line and when the
submersible signals "on bottom" The hti'y is tied on with about 30 ft of
slack. The Gemini then returns to the ship and the diver stays in his suit
on the ship with his gear in the Gemini for the duration of the submersible's
dive.

Recovery

The Gemini carrying the driver and stand-by diver collects the diver from
the stern of the ship and moves out to recover the submersible's buoy. When
the buoy has been recovered, the Gemini driver signals the ship and the ship
tells the submersible that it is "Clear to ascend." As the submersible
rises, the men in the Gemini take in the buoy-line and flake it neatly into
the "dustbin." When the submersible has surfaced, the Gemini driver checks
its buoyancy, i.e. looks at how the submersible is lying in the water, and
orders her tanks to be fully blown if necessary. The diver then transfers
from the Gemini to the submersible.

Returning to the ship, the Gemini collects the tow-rope from amidships but
stays alongside the ship, which is manoeuvering to bring the submersible
abeam. As the ship steams slowly forward, the Gemini peels off and delivers
the tow-line to the diver who is now in the water. He connects the tow-line,
replaces the camera lens cover, and remounts the submersible. This i.Ls the
signal for the ship to start pulling in the submersible until she is posi-
tioned under the lifting gear. The main lift-line is lowered, the diver
connects the shackle, and the submersible is hoisted clear of the water.
When the submersible is fully raised, the diver hooks on the strops, hold:.ng
them in position as the lift-line is slackened to put the full weight on the
strops. The handling gear is then rammed in. Taking the strain on the lift-
line again allows the diver to ensure that the strops are free and the submer-
sible is lowered onto its trolley.

As can be seen, it is the diver and the Cemini crew that have most contact
with the e2 _ments. Therefore diver safety is of prime importance when devis-
ing operational procedures. In fact the determining factor in the rough
weather limitation on our activities, usually sea state 5/6, is the safety of

c -diver and Gemini crew. .It is therefore very important that we recruit
Mk.. of sufficient mental and physical "robuistness" to work in such an environ-
mnent and at the same time be useful members of the technical back-up team for
operations.

Training of such men entering the Company is comprehensive, including all
mode ., visual aids, practical training in both day and night situations,
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launch and re:overy in calm water, etc. Even after completing the training
course, a diver will still be working only with other qualified divers until
he is proficient.
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E. SELF HELP, RESCUE, AND RECOVERY: LCDR D. HALL USN

General Characteristics of Deep Submergence Vehicles

Deep submergence vehicles are designed to perform specific oceaneering
tasks and therefore the size, hull, form, and equipment'arrangements are
quite different. There are a number of common characteristics, however,
which exist in this group of vehicles. Most of these systems have a life sup-
port capability of less than 24-hr duration. The size and configuration of
their hatches is such that they are not compatible with the McCann re3cue
bell or the U. S. Navy's Deep Submergence Rescue Vehicles. Exceptions to this
situation are presently underway in the form of a future International Hydro-
dynamics submersible and a proposed Dutch boat, the NERIED 2000, which will
have a portable rescue capsule that can be connected to the downed vehicle.

A review of most standard submarines shows that they are not specifically
designed for efficient or effective individual escape. Deep submergence ve-
hicles are no exception. In fact, ambient egress leading to buoyant-assisted,
free-breathing ascent is impossible. The only exceptions to this are vehicles
with diver lock-out potential (assuming enough gas on board to pressurize
lock-out compartment to the bottom at a rate commersui ate with an effective
compression-decompression profile) and boats which can be completely flooded
(shallow casualty where whole boat is flooded and personnel egress).

Emergency Situations Possible

Shallow water emergencies--that is, ones which occur in less than 100 ft
of sea water where scuba diver assistance is available--require the following

action: the pilot can increase buoyancy, have the submersible raised by winch,
or flood the pressure capsule and make a free ascent. The surface-support
vessel must locate the submersible, put divers down to assess the situation,
communicate with the boat, and attach lines and haul it to thu surface. A
call for assistance is also mandatiry at the same time.

Deep water (greater than 100 fsw) casualties require the samc pilot action
with the exception that diver assistance will probably not be available.
Surface action requires that the support vessel be prepared to remain on the
scene for not less than 72 hr. Precise navigational fixes should be taken.
A moored buoy or sonic marker should be launched. A record of the submersible
position relative to the surface unit should be noted.

If a fire occurs in the pressure capsule the pilot should cut off electri-
cal power to the affected eqdipment, don emergency breathing equipment, and
use the chemical fire extinguisher if necessary. Emergency surface should
he initiated and, once on the surface, personnel should be evacuated and the
sphere ventilated.

In the event of collision or flooding submerged with indication of leaks
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or grounding, emergency surface is dictated.

If oxygen or other compressed gases leak into the sphere the following
action is required: if the leak is uncontrolled, the pilot should emer-
gency surface. Should theoxygen content be elevated above 30% the pressure
capsule must be isolated from its power supply after emergency surface action.
All flammable material should be isolated. During the last hundred feet of
ascent the hatch should be undogged to allow relief of pressure and personnel
should be instructed to breathe normally.

Excessive grounds or leak indications require discontinuance of dive, com-
mencing of surfacing procedures, and possibly emergency surface.

If major equipment malfunction occurs, such as a loss of communication for
greater than 30 min, the dive must be aborted and the vehicle should surface.
Once on the surface a sail strobe light should be activated, communications
should be established (if possible), directional fix procedures should be

L++ initiated, a radar target should be installed, and a darkness and underwater
L• light and emergency flares should be activated.

If an unusual hazard of a specific dive develops, the surface should be
informed and ascent procedures should be initiated.

Responsible Parties in Non-U. S. Navy Event Submiss/Subsunk

The United States Coast Guard has the responsibility to develop, establish,
maintain, and operate rescue facilities for promotion of safety on, under,
and over the high seas in U. S. waters. To this end they maintain a national
se-arch and rescue plan which includes rescue coordination centers (RCC) and
communication networks (ships, planes, shore activities) aaid which has the
authority to call on other Department of Defense Agencies. Their on-scene
capabilities include the units to enable search for a vehicle separated from
its support ship, delivery of scuba divers who may attach lift lines at less
than 150 fsw, clearing the area of spectators, tow and escort of recovered
vehicle, and the overall coordination of the rescue. If the above resources
regarding submersibles are inadequate the Coast Guard calls on the U. S. Navy.

The United States Navy has the responsibility to use its own resources
which may include a variety of available surface ships, submersibles, and
diving systems. In addition the Supervisor of Salvage may call on other
institutions and commercial organizations to enhance its rescue capability.

Action Initiated for Non-U. S. Navy Event Submiss/Subsunk

When a deep-submergence vehicle support ship calls for assistance on the
International Distress and calling frequency (2182 Khz, 156.8 Mhz), the
following procedures should be initiated:

1. A hot line to the proper Coast Guard facilities and
other appropriate military organization is activated.

2. The rescue coordination center is informed.
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3. The Coast Guard may initiate the planned Mutual
Assistance Rescue and Salvage Plan (informal agree-
ment between commercial submersible owners/opera-
tors).

4. The Coast Guard requusts rhe U. S. Navy Department
Duty Captain to initiate event submiss/subsunk.
This action which takes place in the Washington, D. C,
area includes the following:

(a) The Navy Department Duty Captain alerts the
entire Navy underwater capability including the
Secretary of the Navy, the Chief of Naval Opera-
tions, the Supervisor of Salvage, Commander Sub-
marine Development Group One and others.

(b) These organizations initiate their assigned
tasks which include direct liqison with the Coast
Guard, coordination of CNO's action, making ready
for search, rescue and recovery operations, furnish
material requirements and support, and notify next
of kin if Naval personnel aT _nvolved.

5. The USCG sends a message to the Chief of Naval Opera-
tions requesting support.

6. USCG alerts its normal search and rescue personnel in
the immediate area. This includes concerned submersible
owners and operators, the Area Commander, and other Coast
Guard and U. S. Navy personnel.

7. The USCG Area or District Commander designates the senior
U. S. Naval Officer as On-Scene Commander.

8. Commander Submarine Development Group One responds to
this alert by assembling all information on the par-
ticular vehicle in trouble, reviewing charts of the
operations area, determining the availability of assist-
ance items in the immediate area and getting them to the
scene, and providing staff personnel as advisors to On-
Scene Commander.

Action Initiated for U. S. Navy Submarine or U. S. Navy Contract Submersible

In this case the U. S. Navy initiates its own procedures, which includes
e:stablishing an event submiss/subsunk by the Submarine Operation Authority
in the concerned area.

Limitations of Outside Resources

The U. S. Coast Guard's national search and rescue plan is quite elaborate
but, in the area of submersibles, only a limited capability exists.
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Self-Help Capability

Previous discussion of the general characteristics of deep-submergence
vehicles and the variety of emergency situations possible fix the possible
approaches open to vehicle operators in the area of self-help.

Individual independent escape in the form of buoyant-assisted, free-
breathing ascent has been shown by the United Kingdom to be possible at depths
* reater than 600 fsw. Unfortunately the configuration of most deep submer-
sibles makes this method impossible. If, however, personnel aboard these
vehicles are properly qualified in the boat's limited escape systems and emer-
gency procedures 'and are knowledgeable of the limitations of the methods avail-
able, escape may be possible at shallow depths.

Group escape offers t~.n attractive alternative to passing men through the
water, thus exposing them to the full spectrum of physiological hazards.
But, at this time, removal of personnel from a submersible using a group-
escape concept is quite limited at best. Transfer of personnel utilizing
another submersible is possible but as yet is untried in the open sea.

k. As previously mentioned, DSRV-like vehicles are planned. Modified personnel-
transfer capsules with adaptation skirts have been suggested and represent
a viable concept, given ideal surface and subsea environmental conditions.
Additionally, the problem of proper interfacing with the particular vehicle

will always present difficulty. The roving bell configuration to support
either air or mixed gas divers may extend surface-supported diving depth

limits but again is only useful when environmental conditions are ideal.

Of the three approaches available to recover personnel from the bottom,
the most sensible at this time appears to be rescue by salvage. Recent ex-

perience with deep submergence vehicle rescue and rscovery utilizing another
manned or unmanned search and recovery system has shown to be workable in the
open sea. Air or mixed gas divers have had limited success because of their
vulnerability to environmental factors. Recovery buoy line-systems, which
will be discussed later, also offer an attractive means of rescue by salvage.

There are a number of specific wayo to improve these approaches and they
all fall under the area of target enhancement. With regard to the submersible
itself, a number of equipment combinations can be employed to this end.
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Acoustic pingers or transponders which auto:.iatically actuate can be employed.
Releasable radio or homing buoys are available. Strcbe light systems are quite
effective. With accessible but protected lift points salvage becomes less
difficult. Appropriate color combinations improve visual location. Salvage
fittings enhance recovery of the vehicle and may well increase the longevity
of personnel trapped on board. If the submersible is lost on the surface a
radio beacon, flashing beacon, flare gun, and dye markers may improve loca-
tion potential.

The surface-support ship can also upgrade her search, rescue, and recovery
capability. Acoustic ranging and side-look sonar systems are available to
enhance location of her vehicle. Recovery line and winch equipment are man-
datory. A droppable emergency 72-hr homing beacon provides back-up for the
possibility that station keeping maý become impossible. A standard 25-ton
forged lift hook with 9000 ft of recovery plastic line will cover most lift
contingencies.

In the area of general improvements the following capabilities should be
considered. Increase in the life support system longevity to greater than
72 hr with thermal protection potential would allow on-board as well as
outside help to respond favorably. If unmanned compartments can potentially
flood, the ability to surface should not be compromised. Underwater fre-
quencies, pingers, transponders, and sonar equipments should be standardized.
Administratively an operations director should be responsible for planning
and safety and develop qualifications and procedures. During deep dives all
assets of the vehicle should be operational. Comprehensive dive plans should
be developed which consider onsite resources availabel, outside resources
available, outside resources 3itchin reach, and all cognizant organizations
made aware of the planned operations. Operations in remote loc'tions should
be restricted. Formal briefing and debriefing sessions should be helL to
enhance safety and reliability of total vehicle systems. Operating manuals
should be current and reflect status of the boats systems and modifications
to those systems. Log keeping should be accurate and complete.

If rescue operations are initiated, single point control is mandatory.
The area of rescue should be controlled and established as an independent piece
of "rescuing authorities territory."

Innovation in Escape, Rescue, and Recovery

There are a number of innovative escape, rescue, and recovery concepts;
some are on-line while others will reqt :.re additional time, money, and test-
ing. Even though individual escape has been made possible beyond continental
shelf depths, the built-in limitations of these deep submergence vehicles
would make incorporation of escape trunks with rapid compression capabilities
impractical. Small, low-cost, unmanned vehicles offer an attractive alter-
native to another manned vehicle or other more expensive rescue systems.
Through television, observation and inspection is possible. Additionally,
as recently demonstrated they are capable of placing recovery lines. Self-
deployed guideline systems exist and better ones are being developed which
launch a messenger buoy with a guideline to enable a snap-on connector mate
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with the downed vehicle. New attachm~ent methods for salvage and rescue
must be developed. These should include lift-line attachment devices, mes-
senger line/buoy systems, a review of fastener technology, a variety of
toggle designs, net-like capturing systems, and swimmer/divers with mani-
pulators. Deep ocean gas lift systems are being developed and offer a possible
solution to the potential or unwanted negative buoyancy. Explosive and pyro-
technic devices could provide a way to release a submersible from entanglement.
If an emergency auixiliary life support/power pack could be married to the
troubled boat, reduction of time for rescue constraints would be possible.
This system would contain both power and supply of gas to support life for
additional critical hours and days if possible. Fabrication of an oceanogra-
phic data package containing an integrated instrumentation system to measure
a variety of environmental and physiological parameters is now possible and
only awaits funding. Such a system would aid any form of rescue attempted

17 from the surface or under the sea. The limitations of using divers for res-
cue have been discussed. Provision for a diver-operated work vehicle capable
of supporting divers in water 1000 ft deep would enhance this now limited
approach. Improvement in the existing di'~"er stage/work platform could pay
immediate return with capabilities that are now on-board.

Areas of Investigation

If group escape is selected as the most promising method, then transfer
of personnel via another submersible or a modified personnel transfer capsule
will be necessary. This approach will require extensive ha~ch compatibility
studies to develop universal interfacing devices.

The feasibilit~y and desirability of develop)ing an on-call outside resource
available for rescue of a downed noncombatant submersible should be reviewed.
The three obvious groups to provide this service would be the TI. S. Coast

V., Guard nationally, the U. S. Navy, or private industry internationally.

Through the upgrading of present and the development of future escape,
rescue, and recovery techniques as particularly described in the previous
section, the safety of each international deep-submergence vehicle operation
would surely be enhanced.
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F. PROPOSAL FOR AN INTERNATIONAL INVENTORY OF UNDERSEA EQUIPMENT FOR USE
IN RESPC ISE TO UNDERSEA EMERGENCIES: H. TALKINGTON

A review of the operations for the rescue of the two submersibles
JOHNSON SEA LINK and PISCES III indicated several features of submersible
system design that were of particular importance in making possible their
safe recovery. In addition to safety features of the submersible and surface-
support equipment, two items of information proved to be of special impor-
tance: the detailed description of the distressed craft and the. knowledge
of the characteristics and location of equipment that could be called upon
for emergency assistance. This paper recommends target-enhancement features
and new equipment., and describes an inventory of currently available equip-
ment and vehicles designed to fill these needs.

This effort was begun in 1973 when engineering personnel from Navy R&D
Laboratories were directed by Captain Don Keach to form an ad hoc committe
under the chairmanship of this author to inake an assessment of equipment
available for rescue, search, inspection, salvage/recovery, and surface-
support operations. The results of the efforts of this committee are now
documented in an inventory of Navy laboratory R&D equipment applicable to
emergency undersea operations, which is available to U. S. Navy and Coast
Guard units responsible for undersea search and rescue operatiors. (Refer
co section entitled Inventory for further details of this available equip-
ment).

Of s1i *7'•cant a-'-istance in the preparation of this inventory and of

practi, i :.ý,c Lo n. concerned with submersible operations are two docu-
ments '•j itshed by the Marine Technology Society: "Safety and Operational
Guideliutl for Unde-:sea Vehicles, June 1968" and "Safety and Operational
Guidelines for Undersea Vehicles, Book II, June 1974."

In addition to the inventoried R&D items, the ad hoc committee recommen-
ded features that would enhance potential targets for recovery and new equip-
ment that would greatly increase the efficiency of undersea emergency opera-
tions.

Recommended Target 7 Thnce, Features

The recommended features will significantly expedite emergency search
and recovery operations of such high-value targets as the following:

Manned vehicles: submersi' ; habitats.

Unmanned vehicles: work !hicles; instrumentation packages; weapons;
aircraft; re-entry vehicles; ships; dumps,
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Within these broad categories, features are considered as either manda-
tory or desirable to facilitate operations, as shown in Table IF-I. A
brief discussion follows.

Table IF-l. Recommended target enhancement features
for manned and unmanned targets

Use Mandatory Desirable

Manned and unmanned Position indicator Color
targets External standard lift

points

Manned targets only Minimum life support Standardized salvage
Acoustic communicati'ons fittings
Minimum operator quali- Marker buoy
fization Support ship recovery
Filing of dive plan with capability
a potential rescue unit Description of submersibles
Passenger pre-dive brief-
ing

Position indicator--An acousticz beacon operating on a standard distress fre-
quency placed on a manned target would automatically actuate whenever a cri-
tical depth was exceeded. For long range indication, a charge detonated in
the sound channel would allow underwater listening systems to be used for
preliminary location. In order to respond with rapid large-area search afforded
by aircraft deployed and monitored sonobuoy sensors, it is recommended that
the beacon operate on dual frequencies: 4 kHz for sonobuoy detection and
37 kHz for final approach.

External standard lift points--Clearly marked standardized lift points in-
stalled on all high-value targets would allow a distressed vehicle to be
easily lifted to safety. An example of one possible configuration is shown
in Figure IF-I. Here, two 8-in diameter rings are placed 90 degrees apart
and fastened securely to strong points on the vehicle structure. Lift points
should be strong enough to allow for total lift of the vehicle. Care must
be taken to ensure that vehicle lift points are located to allow easy acces-
sibility during rescue, but they should not protrude to the point that they
would snag other objects during normal operations.

Minimum life support--Minimum life support items such as oxygen, air purifiers,
heat, and adequate power should be established for each operating submersible,
and a dive should not take place if a strict pre-dive check shows the sub-
mersible to be deficient. A minimum life support duration of between 24 to
72 hr, dependent upon local conditions of support is recommended.

Acoustic communications--A standard 8-11 kHz underwater telephone installed
on all submersibles would allow for verbal communications between rescuers
and rescuees.
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Fig. IF-i. Example of an external lift point, located1

on NUTC's submersible MAKAKAI

Minimum operator qualification--Proficiency training for all submersible
pilots--particularly emergency safety and survival procedures--and a program
of periodic proficiency checks would give operators the coaifidence and know-

ledge needed in case of an emergency.

Filing of dive plan with a potential rescue unit--A comprehensive dive plan
would enable the Coast Guard, U. S. Navy, or other rescue unit to maintain
cognizance over all operations and devise realistic emergency contingency
plans.

Passenger pre-dive briefing--A passenger on board a submersible should be
thoroughly briefed on emergency and survival procedures prior to a dive in
case the pilot should become incapacitated. Also, an emergency bill should
be plainly posted inside the submersible to minimize reaction time.

Color--White and yellow are most readily seen under water. As a minimum,
the target should be painted with easily identifiable checkerboard or other
patterns in white or yellow. As a further aid, the use of reflecting materials
is also recommended.

Standardized salvage fittings--An emergency, externally accessible, salvage
fitting designed into all futuire manned submersibles would enable rescueJ
personnel to provide quick hel~p to the rescuees in conjunction with more time-
consuming rescue operations. If practical, such a fitting should also be
backfitted into existing submersibles. This fitting, which must be designed
and built to successfully qualify for extensive safety certification, should
contain emergency air, communications, and power connections.
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Marker buoy--A small automatic or crew-operated marker buoy installed on
7ll subI'ersibles could be used to mark the location of the stricken vessel
as well as provide a light line to the surface which 'ould act as a guide
for lowering a heavier lifting line to the submersible. An example of such
a buoy is shown in Figure IF-2.

Fig. IF-2. Example of a small inflatable marker buoy and light line.

Support shp recovery capability--Since the submersible support ship imme-
diately becomes the primary recovery vessel when a submersible accident occurs
and remains so until outside assistance arrives, it must be equipped with
at least a winch and line strong enough to haul the stricken submersible from
its operating depth to the surface, and preferably strong enough to lift it
on to the deck.

Further recommended is the Irior development of a hazards analysis and
compatible emergency plan that would anticipate each potential accident or
would include provision for any special equipment needed on board both ves-
sels, and would detail a plan of action for both the support ship and sub-
mersible crews. The analysis and plan take into account the operating
environment the submersible may encounter during any given deployment.

Description of submersibles--A complete and up-to-date description of each
submersible vehicle that includes drawings which depict hard points, descrip-
tion of rescue-salvage operations would significantly aid the rescue team.
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Recommended New Equipment

In addition to target enhancement features, certain new equipment is listed
in Table IF-2. A brief discussion follows.

Table IF-2. List of recommended new equipment.

Crash position indicator (CPI) for submersibles
Small, low-cost unmanned vehicle
Protected diver stage
Expendable lighting
Diver-operated work vehicle
Emergency heat source
Emergency auxiliary life support/power packs for submersibles
Self-deployed guideline system for deep submersible rescue
Attachment methods for salvage and rescue
Explosives and pyrotechnics
Oceanographic data package

Crash position indica4.or (CPI) for submersibles--An acoustic CPI installed
on submersibles (or other high-value targets) would allow them to be rapidly
and accurately located. Design would accommodate transmission on sonobuoy
acoustic frequencies (approximately 2 kHz) so that aircraft search could be
employed fir large area search (300 x 300 miles CEP). The CPI would also
operate at higher acoustic frequencies (9.37 and 45 kHz) for final location
purposes.

Small, low-cost unmanned vehicle--A small tethered vehicle is proposed as
a safety backup system for manned submersible operations and general pur-
pose inspection tasks. Such a vehicle could provide a real time television
observation of rescue operations and could place recovery tag lines to the
stricken vessel at depths to 1500 ft and on currents to 2 knots. An onboard
movie or still camera would allow photographic documentation of the operations.

Protected diver stage--A protected diver stage that would act as a work plat-
form would increase the versatility and capab'ility of the diver during rescue
operations. This platform would also protect the diver from mechanical hazards
and sea life. The diver should be able to control the buoyancy (lifting/low-
ering) of the stage/working platform, which should have a backup surface-
mounted tether. When removed from the rigid surface cable, the stage would
not be subject to ship motion; this would facilitate the work of the diver.
The stage should have an emergency surfacing capability with a design con-
cept that would ensure surface flotation and enable a diver inside to get
his head out of the water without leaving the protection of the cage. The
tether from the ship should include, along with the lifting line, a power
cable for lights, communication system, etc., as well as hot water (when re-
quired) for a thermal suit. An anchoring device should be incorporated to
enable the diver to anchor his positively buoyant stage/working platform
any desired distance off the bottom. This anchoring system should be releas-
able in an emergency and should be strong enough to hold the stage firmly,
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thus reducing the effect of currents and surface action.

Expendable lighting--Expendable lighting sources would prevent unnecessary
vehicle battery d'i'ain and provide long-range wide-angle viewing contrast.

,Diver-operated work vehicle--Since there are at present no provisions for
surface support of tools, ?lacement of equipment, movement of heavy loads,
or transport of divers and equipment, only those jobs which can be accom-
plished through the manual efforts of the diver can be performed. A diver-
operated work vehicle could prcvide a total work-support system operational
to depths of 1000 ft. The design, fabrication, and test of such a vehicle
would be preceded by a study of emergency mission requirements to ensure

!iompatibility of -he diver system with emergency search and rescue opera-
tions.

Emergency heat source--Successful rescue of entrapped personnel frcmn stricken
submersibles and diving capsules in cold water has in the past been hampered
by lack of heat sources to maintain minimal body temperatures. The techno-
logy for developing self-contained, compact, and reliable undersea heat
sources that use the exothermic reaction of magnesium with seawater has been
developed. The design, fabrication, and evaluation of a self-contained port-
able emergency heat source capable of maintaining a suitable life support
environment in submersibles and personnel transfer capsules should be preceded

* by a study of heat requirements and rescue mission profiles.

Emergency auxiliary life support power packs for submersibles--in many cases,
recovery/rescue operations for trapped submersibles could be significantly
improved if temporary addilional life support and power were attached to the
distressed submersible. This would provide more time and greater control
of the situation by reducing time constraints and atcendant panic, hasty judge-
ment, and waste. A proposed pack would consip ot the power/gas supply and
equipment for underwater connection to the submersible.

Attachment methods for salvage and rescue--Once a downed submersible has been
located, it is imperative that a lift line be expeditiously attached to it.
Currently available attachment systems are not adequate to handle many for-
seeable eventualities. Many promising attachment systems are currently in
use in undersea oil and mineral industries, space, and navy systems. A review
and evaluation of these should yield designs that could be used by divers
with either manned or unmanned vehicles.

Explosives and pyrotechnics--A downed submersible that has become entangled
in foreign material may need to be cut loose by use of explosives and pyro-
technics such as Pyronol. Such technology needs to be developed.

Oceanographic data package--An integrated instrumentation system which would
measure, record, and display environmental parameters is essential to plan
and conduct rescue, salvage, or emplacement of objects on the ocean floor to
depths of 20,000 ft.
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Table IF-3. Emergency Mr& skipport inventory outline

Name of Item

Owner/Operator
List address(es)

Description
Photograph or line drawing
Capability (operating depth, speed, endurance, etc.)
Limitations
Physical dimensions
System composition (to provide system capability)

AppJlicability
Search, inspection, recovery, etc.

Opra~or/Crew Requirements

Support Ship Requirements
Station-keeping, desk spP:e, power, etc.

Aircraft Loading Requirements
(If applicable)

Single Point of Contact and Alternate
Include addresses and phone numbers (for 24-hr response)

V Homebase

Status
Mrbilization time
Location
Operability
Condition

Additional Information
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Inven tory

The type of equipment recommended in this report for use with both sub-
mersibles and surface-support craft are of significance because they will
not only enable the submersible operators themselves to assist in rescue
operations but will also enhance and supplement the currently available
inventory of navy laboratory R&D equipment. The objective of the current
inventory is to provide a concise and succinct, yet thorough, listing of
Navy R&D equipment that could be available for response to an undersea
emergency involving submersibles or other high-value targets.

This inventory lists some 91 items submitted by navy laboratory community
members in response to an emergency R&D 2upport inventory outline, 3s shown
in Table IF-3. Available items are grouped into 11 sections by primary
function, which establishes the taxonomy of the inventory: surface support
ships, undersea vehicles, anchors/moorings, buoyancy items, lifting equip-
ment, instrumentation, power sources, undersea navigation, surface naviga-
tion, divers' equipment, air support systems.

The inventory is indexed by Homebase, Mission (search, inspection,, sal-
vage/recovery, rescue and surface support) and Depth Capability of each
item. The Naval Undersea Center iE responsible for the annual updating
of lphnracory copies of the inventory and for bi-weekly updating of similar
invertories (known as Dynamic Inventories) which are kept at the primary
navy-user offices: The Supervisor of Salvage, Naval Sea Systems Command,
Washington, D. C., and Submarine Development Group One Headquarters, Fleet
Station Post Office, San Diego, Ca. A third primary user is the Deep Sub-
mergency Office, Office of the Chief of Naval Operations, Washington, D.C.
These three units have the authority to call out Navy resources in emer-
gencies. Any organization with an emergency need that could benefit from
these resources should contact one of the above offices.

Conclusions

Target enhancement features and new equipment for use in undersea emer-
gency rescue have been defined and discussed. Of primary significance in
the types of equipment recommended for use with both submersibles and surface-
support craft is that they will enable the submersible operators themselves
to assist in rescue operations. It is recommended that contingency plans
and operational procedures be developed that, along with the recommended items.,
will better prepare for distress situations. It is concluded that adoption
of the recommended items will tiinimize current risks to submersible craft and'
of even greater importance, assiut the submersible occupants and the surface-
support crew in their response to undersea emergency situations.
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SUMMARY OF DISCUSSION

A point was made regarding scientific budget cuts and the need to work
with smaller ships and crews. This situation leads to multiple jobs for the
operators and potentiates personnel fatigue. It was indicated that while
the batteries do run out first in a 1-day mission, after a 3-day mission
the pilot and crew members can quite often end up with less than 6 hr total
sleep. Decision making, especially for the pilot, would probably be altered.
Two things must be considered; one is training and reliability of the pilot
himself to be able to realize the point at which he should no longer be
diving and the other is honesty within the organization to say they've had
it and that they are not going to dive any more.

About 5 years ago, while Westinghouse was operating Deep Star 4000, they
normally had dives of about 6 hr which were a compromise between battery power
and scientists' duration at the viewport. There were some dives longer and
some shorter. They became interested in how long an operator could retain
his proficiency, so they ran a 24 hr test dive with an observer from their
central research laboratory taking data on two pilots and performing some
elementary tests about every half hour. These kinds of tests should be
conducted. It appears that for any single occurrence, the excitement of the
occasion overcame the crew 's fatigue factor. The crew was keyed up when they
were down a couple of thousand feet and cruising around the bottom, taking
readings. A 24-hr dive was entirely pcssible with no visible loss of pro-
ficiency on a one-time basis. How soon they could repeat that mission is not
clear.

It is important to know how fatigue contributes to underwater accidents,
not just in submarine operations but in commercial diving activities as well.
We underestimate its effects. Fatigue appeared to enter into the U. S. Navy's
SEA LAB problems as well as other stresses.

Commander Submarine Development Group One has begun to look at operators
during current routine dives in terms of what they are doing and to ascertain
whether or not they are having any biological problems. At present, it is
simply a matter of meticulous intake, output, and weight-change measurements
with routine uiinalysis to measure specific gravity and to look for the develop-
ment of a ketonuria as an index of catabolism. Also, they are beginning to
correlate information as to whether or not there is any commonality in an
operator's ability to perform as related to his background, training, and
psychological make up. If he mistakes during the operation, it is recorded
in the log and the mistake is correlated. This study is just beginning and
they plan to take a look at all of their vehicle operations. They may even
go into other types of stress indicators such as uric acid levels, eosino-
phile counts, cortisone excretion and othets.

The question was raised as to any research that has been done to determine
the best work/rest schedule for personnel in this kind of a situation. What
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is the best way to distribute work, rest, and sleep in order to maintain
effective operator performance under conditions in which physical space and
exercise are severely limited? The tasks although critical are often mono-
tonous said boring. So far this has not been a problem for DSVs because the
missions have usually lasted only a few hours; 6 - 8 hr seems to be the
maximum mission length. Problems may arise, however, if fuel sources and life
support facilities are developed which extend DSV missions beyond this pre-
sent maximum. Research at Commander Submarine Development Group One under
conditions similar to those experienced by DSV operators shows that fatigue
begins to impair diver performance after 6 hr of light work. These divers
were involved in 02 breathing experiment which required periodic physiolo-
gical and psychological testing. The divers were confined to a crowded
chamb'ýr, were not permitted to exercise, and had to follow a monotonous
research protocol. After 6 hr of this procedure, miotor and cognitive per-
formance began to deteriorate and continued to do so until the dives were
ended 10 to 15 hr later. The divers found it axtremely difficult to rest
or sleep under these conditions, although they denied being fatigued until
near the end of the dive. They did report being less active and less satis-

*fied and these reports were interpreted as being indirect signs of fatigue.
The impairments in motor and cognitive performance, however, preceded these
other reported effects by several hours, indicating that performance may
become significantly impaired long before fatigue is recognized. It is
likely that DSV operators could suffer similar effects if missions are exten-
ded much beyond. present maximums and procedures-are not developed to avoid
or minimize fatigue., It is certainly imperative to monitor performance ursing
a standardized procedure in order to detect fatigue before it reaches critical,

conscious levels.I;Fire is not a minor consideration, but currently, there are not even ways
of monitoring some of the critical. contaminants. Most atmosphere-monitoring
system devices are fairly significant in size, although there are numerous
parameters that can be tested with portable units.

A recent NRL progress report ("Fire Suppression in Submarines" May 1974),
shows that nitrogen pressurization of a closed-cabin environment holds con-
siderable promise as a solution to the submariner's fire-suppression problem.
In addition to knocking down the flames, it quells the gross production of
noxious gases and, if deployed quickly enough, leaves a habitable postfire
atmosphere which could easily be returned to normal without surfacing. The

oxygen partial pressure can be maintained at a comfortable 0.20 atm. The
final pressure after the nitrogen waE added approached 1.4 atm. In theseI
studies the nitrogen oxides were less than 2 ppm by volume.

With the attention that most people are giving to internal materi~als for
submersibles, the likelihood of fire is relatively small. In some cases one
needs a piece of scientific instrumentation but it has all the wrong materials
in it. If you are forced to take the device it must be recognized as a hazard
and it should not be placed next to th~e life support oxygen input. The ques-
tion is not so much one of eliminating all hazards--that is virtually impos-
ble--but recognizing those that are present and minimizing those that are
beyond the acceptable limit,

1-51



In a saturation diving situation where one is operating with as high as 0.4
oxygen, there is encroachment on the fire zone. One might be covered with
volatile fuel upon return to the lock-out portion of the submersible.
This situation may contraindicate saturation diving, unless there is a way
of getting rid of the bulk of the clothing, or whatever the diver is wearing
which may contain these contaminants.

The question of whether Halon 1301 was toxic or not in a hyperbaric situa-
tion and what the limits were was raised. Information in animals is avail-
able but "s questionable. Increased pressures give Halon 1301 somewhat of
an anesthetic characteristic and it may be potentially harmful. These studies
were conducted at quite high pressures, out of the physiological range, but
it does imply that there might be a harmful effect. It looks like a very
desirable agent because of its ability to stop fires at their source.

The U. S. Coast Guard indicated that rescue system budget items introduced
to the Office of Management and Budget have been cut. They feel that until
considerably more off-shore activity occurs, such as is happening in the North
Sea, the U. S. Government will not be going into the rescue business. They
believe that the unmanned vehicle concept is the best way to go and feel that
a 3000-ft capability would be sufficient for the next few years. They be-
lieve that deeper boats like ALVIN are super-safe and are pretty much on their
own in a rescue sense, but that smaller, shallower boats have been built with
less safety and it may be sensible to provide them a universal rescue system.

A novel and unusual concept has been proposed by Hans Kylstra, at Duke
University, for escape in deep-diving boats; that is, breath-hold liquid
breathing lock-out. It appears to be physiologically conceivable that one
could fill the lungs to residual volume with a tolerable saline solution.
Then, by having a floodable compartment for instant pressurization of a small
residual space, one could force enough oxygen into the saline for possibly
a 15 or 20 min breath-hold dive and, therefore, an ascent to the surface from
considerable depth. Desalination and lung re-expansion facilities would have
to be available. Decompression requirements would be nil and survival from
quite deep escapes might be possible.

It was pointed out that in an emergency situation the duration of a CO2
canister might be Increased by the following method:

a. hold the "used"CO 2 canister in your hand,
b. inhale cabin atmosphere,
c. put mouth to CO2 canister and exhale with a steady

flow to force the expired air through the chemical bed.

The following items affect efficiency of a CO2 canister:

a. the high CO2 content in the expired air;
b. the low CO2 canister face velocity of the expired

gas increases the residence time;
c. the CO2 canister will have a constant high inlet-air

temperature, regardless of the cabin atmospheric tem-
perature.
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Lockheed Missiles and Space Company has developed an 02 supply and C0 2 -
removal emergency breathing system which uses potassium superoxide. This
self-sufficient system does not need power. It may be used either in closed-
or open-loop operations. The rechargeable canister has a 48-man-hour capacity
with a size of 1" diameter by 12" long. The unit is now ready for ABS
certification but is very vulnerable with increased humidity or water vapor
tensions.

Trace-contaminants analysis for long-duration emergency stays were

discussed. It was recommended, in addition to adequate 02 supply and CO2
removal for prolonged submersible operations, that the trace-contaminant levels
in the submersible be tested and analyzed. With the low volume per man ratio
and/or an inadequate waste-management system, some trace-contaminants may
exceed their Emergency Exposure Units affecting the crew's activity and men-
tal acuity, or may even be lethal. Special attention should be prid to CO
concentration, since CO will not be effectively removed by charcoal, LIOH,
or other CO2 removal chemicals.

The question was raised as to studies which have been conducted relative
to levels of CO during small submersible operations. Indications were that
for 8 -. 12 hr CO would problably be no problem, but in a lock-out and/or
a saturated mode, this could be a problem area. In a multiday experience
such as the PISCES incident, CO may also present difficulties. If the
present life support systems are to extend mission times, CO must be handled.
Vickers commented that they have detected elevated CO levels even on short
dives. It is well-known that smokers in a sealed cabin will outgas CO.
Also RBC metabolism will contribute CO to the closed environment at the rate
of 4 cc's a day per man.

In a 13-hr, 13-man test in one sphere of the DSRV, the CO level was ele-
vated to 42 ppm in about 6 hr. The volume of the sphere was 3200 ft3.
For 12 hr a 100 ppm of CO is acceptable.

Another problem associated with longer dive missions is waste elimination.
If not handled properly, accumulation of toxic gases could degrade the environ-
ment.

Hydrocarbon contamination from a diver returning from an oil produci..g
well-head would seem to interfere with the class A clean environm.-nt required
in hyperbaric situations related to lock-out submersible operations. Withthe variety of volatile and nonvolatile hydrocarbons a diver could bring back

to the submersible, oxygen make-up gas input and elevated 02 levels for de-
compression could be hazardous. This is a problem which has been experienced
with lock-out divers involved in aircraft salvage. In addition to the immediate i
hazard, it requires considerable submersible decontamination following the
dive. The same problem is faced with PTC diving operations.

The new, 1-atm, nitrogen-purged well-head environments were discussed.
Because of the risk of hydrocarbon leakage and the fire hazard, these closed
cabins are purged with nitrogen. Workers move about wearing "hookah" rigs
and emergency backpacks. This is a very difficult and dangerous situation
if one should lose a mask and breathe 100% N2 .

1-53



As a result of the SEALAB project and subsequent work conducted at the
Research Institute, it became evident that at 1000 ft the thermal loss, at
moderate work rates was in excess of 1000 watts. This thermal loss could
not be effectively replaced externally, so heating the diver's gas supply was
indicated. Minimum inhalation-gas temperatures at a variety of depths have
been determined to allow safe diving operations. This information is avail-
able from an Experimental Diving Unit report.

The Navy, in cooperation with the AEC, developed a nuclear-reactor type
of heater e SEALAB Project. The heat exchanger worked remarkably
well and i .ptai(?- to be cost effective. but the heat delivery system
waq not fiu-ctional. This should be investigated again.

For aany years NASA has been using fuel cells satisfying energy require-
ments. These devices appear to offer some hope for our problems but re-
quire considerable engineering modification to be adapted for use in submer-
sibles.

The Defence and Civil Institute of Environmental Medicine, in Downsview,
Ontario, has developed a computer program for the analysis of data on a cold
diver. They are working towards being able to predict, at particular depths,
what energy requirements will have to be supplied to both forward- and diving-
compartment environments. It appears, at this time, that they favor a chem-

ical method developed by the French, combined with supplemental electrical

heating. Use of this system was scheduled to begin in March of 1975. Essen-

tially it is a diver-carried package that provides 6 hr heat in cold water

utilizing a salt heat-exchange system.. The next step in the evaluation is

to design a chemical heating system that could be put on the submersible
itself. This would heat the atmosphere and the diveras well.
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CONCLUSIONS AND RECOMMENDATIONS

1. There is a majur and expanding future for manned submersibles.

2. Theec! will be increasing use of the unmanned systems in the compli-
mentary spectrum of capability from diver to deep submersible.

3. A dramatic increase in the small, highly transportabi1c boats in sup-
r port of industrial work in the oceans will be seen. The majori.y of them

will have about a 4000-ft capability, which will match the offshore oil
industry's projection of maximum drilling depth (for producing wells) by
1985.

4. There will continue to be development of the hybrid submersibles
.qhich have diver lock-out capabilities, and which may carry their own un-
manned submersibles on board for hazardous situations where a diver or manned
vehicle cannot get close to the site of interest.

5. The major forcing function in world wide development of submersible
systems will be the energy crisis and the need to explore and develop ocean
resources of petroleum as quickly and efficiently as possible.I' 6. Small submersible operations are limited by the following factors:

b. Launch and recovery capabilities
c. Personnel fatigue
d. Life support systems
e. Communications
f. Closed-cabin hazards (fire, toxic wastes and materials)
g. Escape, rescue, and recovery potential
h. Certification or classification constraints
i . Personnel training requirements

7. Investigate new types of power packages such as fuels cells and closed-
cycle brake turbine devices which utilize carbon blocks or liquic salt to
store heat.

8. Develop the semi-submerged ship concept coupled with an elevator
device to solve the launch and recovery problem.

9. Personnel fatigue and performance studies in these submersibles, under
the actual conditions of confined space, high and low temperatures, and ex-
treme humidities should be conducted. Procedures should be developed to avoid
or minimize fatigue in expected longer missions.
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10. Life support potential to last I week must be provided for a sub-.
mersible. The ability to decrease one's metabolic rate once escape becomes
impossible and rescue efforts begin might increase life support endurance
significantly.

11. Even though fire has not been a significant problem in recent history
of vehicle operation, the recent NRL fire research program utilizing nitrogen
suppression should be considered as an answer to this potential problem.

12. Each submersible incident is unique, thus a variety of various capa-
bilities including other submersibles, both manned and unmanned, together
with divers, and "diving-bells" P&:fy -e necessary to provide the rescue
potertial needed to perform off.<,oi ,.cue/recoveries.

13. Because of the limications o" outside resources, organizations em-
pioying submersibles mly havu to rely entirely on their own resources in the
event of an underwatei. accident. However, the records to date indicate that
such is not the case. Of all the major accidents to date, salvage and a
successful recovery has required outside resources of considerable magnitude.

14. Of the three approaches available to recover personnel from the bottom,
the most sensible at this time appears to be rescue by salvage.

15. There are a number of innovative escape, rescue, and recovery concepts;
some on line while others will require additional time, money, and testing.

a. Small, relatively low-cost, unmanned vehicles offer an
attractive alternative to another manned vehicle or other more ex-
pensive rescue systems.

16. If group escape is selected as the primary method of rescue, exten-
sive hatch compatibility studies are needed to develop universal interfacing
devices.

17. The feasibility and desirability of developing an on-call outside
resource available for rescue of a downed non-combatant submersible should
be reviewed.

18. An international inventory of undersea equipment for use in response
to undersea emergencies should be developed.
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SESSION II: SUBMERSIBLE INCIDENTS

A. ANALYSIS OF U. S. SUBMERSIBLE ACCIDENTS: J. A. PRITZLAFF 1

This discussion reviews some accidents and incidents in order that
future submersible operations might benefit from prior experience. In-
cidents are classified as related to handling and rigging, operations, or
equipment. It is not the purpose of this psper to pass judgment on any
activity or actions by companies or individuals and events and personal
conclusions related here have no legal foundation.

Handling and Rigging Incidents

Incident No. 1: Loss of the submersible ALVIN.

Description--The first major incident in the small submersible field took
place 16 October 1968 when the ALVIN was dropped, with personnel aboard
and the pressure-hull hatch open, into the sea during launching. The pilot,
standing in the sail, got clear and the two occupants escaped as the vessel
began to fill with water. Flooding resulted in the loss of the vehicle 135
mi. southeast of Woods Hole, Mass., in 5052 ft of water. (ALVIN was recoveted
by ALUMINAUT 28 August 1969, with the aid of photographs taken from USNS
MIZAR.)

Cause--ALVIN's loss came about through failure of the support ship launching
equipment. The primary cause of the incident was the failure of the elevator
platform cable. Unfortunately, the cable run was such that the cable flexed

over a sheave in an area that was not accessible for inspection and maintenance.
A secondary cause of the loss of the vehicle was the procedure that called for
lowering the vehicle with its hatch open.

Corrective action--The support ship LULU has been extensively rebuilt with the
elevator-cable system being replaced with a link-chain system. The chain is
able to bend around the hoisting sheaves without experiencing the wire fatigue
that contributed to the original failure. Operating procedures have also been
changed so that the vehicle is lowered from the deck level to the water un-
manned and with the hatch closed. The pilot and crew then board the vehicle
and proceed on the mission.

Summary--ALVIN's loss was caused by a failure in the handling system and sub-
sequent flooding of the pressure hull. The fact that ALVIN was a submersible
did not directly enter into the cause of its correction.

IThis paper is condensed from "Submersible safety through accident analysis,"

by J. A. Pritzlaff, Marine Technology Society Journal, May 1972.
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Incident No. 2: Loss of the submersible NEKTON BETA.

Description--On 21 September 1970 NEKTON BETA was working with NEKTON ALPHA
on the recovery of a 24 ft motor boat. The recovery site was some 500 yards
off JewFish Point, Santa Catalina Island, California, with a bottom depth of
230 ft.

The two submersibles attached a lifting line from the surface support ship
M/V OIL CITY, to an existing line on the motor boat that ran from its bow
mooring bit out through a bow fairlead and down to an eye on the stem. Several
other miscellaneous lines on the motor boat were also attached to the lifting
hook.

As the lift of the motor boat started, NEKTON BETA and NEKTON ALPHA made
plans to surface. NEKTON BETA elected to remain submerged so as not to add
to the confusion on the surface relating to recovery of the motor boat. The
lines on the motor boat parted at about 50 ft and the boat fell back through
the water. In doing so, it struck NEKTON BETA, breaking a 3 x 6 in. section
out of one of the port conning-tower viewports. NEKTON BETA flooded and sank.
The pilot, R. A. Slater, was fortunate in making an ascent to surface. The
observer, L. A. Headlee, lost his life. NEKTON BETA was recovered 28 September
1970 through the efforts of NEKTON ALPHA and the M/V OIL CITY.

Cause--The loss of the vehicle was due to two related events: the failure of
the motor boar lines that were used as part of the recovery system and the
situation that permitted NEKTON BETA to be below the hoisted load.

Corrective action--In general, a basic premise would be "Do not get below a
load that is being lifted." The dropping of the motor boat appears to be the
result of the failure of the lines that were attached to the boat or their
attachment fittings or the direction of the applied load as placed upon the
lines and/or fittings. Rigging gear should be tested for adequacy under the
loads to be applied. If the contingencies of recovery make this impractical,
then appropriate alternate action should be taken.

Summary--The loss of NEKTON BETA was due to failure of rigging equipment and
a procedural situation relating to hoisting loads and position of observers.
Neither of these related events are directly associated with submersible

activity.

Incident No. 3: Dropping of DEEPSTAR 4000.

Description--In may 1967, DEEPSTAR 4000 was undergoing a series of test dives
at Panama City, Florida. During a launch cycle, the vehicle was hoisted off
the deck of the support ship M/V SEARCH TIDE and swung over the side. While
some 5 ft in the air, the quick-release launching hook unexpectedly opened and
dropped the vehicle into the water.

The DEEPSTAR 4000 landing system consisted of a stern-mounted 25-ton back-
hoe type crane. The articulated end section of the boom is fitted with a
hydraulically retracted wire pendent and a helicopter-type quick-release hook
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assembly. Normal launch operation calls for embarking the pilot and two ob-
servers while the vehicle is secured on deck. The crane hook is then attached
and the vehicle is hoisted clear of the deck. The crane then rotates 180,
extends the wire pendent (about 3 ft), and lowers the vehicle until it is
awash. The release hook line is pulled and the vehicle is uncoupled from the
crane and held by a light "tag" line while the predive checklist is completed.
A swimmer then releases the tag line when the pilot gives the ok-to-dive
signal. The release hook had been successf *ully used over many dives and its
operation had-always been precise and positive.

Cause--The events surrounding the unexpected release were examined; as far as
could be determined, the release line was not fouled nor had it been accident-
ly pulled. Examination of the hook showed that under certain conditions, a
mechanical open/closed indicator could point to closed when, in fact, the hook
was only partially latched. It was concluded that the visual check of the
hook showed a "closed" hook and the OK to launch was given. The hook in fact
was partially closed. It held the vehicle load (18,000 lb) for the lift and
1800 swing but the stop-rotate motion of the crane was enough to open the
hook and drop the vehicle. The crew was shaken up and some vehicle damage
was noticeable. A complete disassembly and inspection of the vehicle was nec-
essary to establish the extent of damage to the vehicle.

Corrective action--Two sequential actions were taken to prevent a recurrence
of this drop incident. First, the hook was modified internally, so that the
open/closed indicator was positive and true in its indication. Second, a dif-
ferent type of release hook was obtained that would not release until the load
was down 500 lb. Using this hook, the vehicle had to be on deck or afloat be-
fore the hook could be triggered to open.

Summary--Premature opening of a launching release hook dropped DEEPSTAR 4000
into the water from a height of about 5 ft. The incident was not related to
the submersible aspect of the operation.

Incident No. 4: Storm damage to BEN FRANKLIN.

Description-- BEN FRANKLIN was operating in the Bahamas. It was towed from
dive site to dive site by the support ship PRIVATEER (a converted YMS). At
night while the PRIV'ATEER was at anchor, with the BEN FRANKLIN moored astern,
a sudden storm came up. The combined drag of PRIVATEER and BEN FRANKLIN caused
a failure in the anchor system and both vessels were forced onto a reef. The
submersible, having minimal surface propulsion capability, was damaged in the
keel and battery pod areas. Privateer was finally able to maneuver herself
and BEN FRANKLIN clear of the reef.

Cause--A failure in the anchoring system (i.e., poor holding bottom/or over-
load anchor) resulted from the combined drag of the two surface vessels.

Corrective action--While at sea, storm conditions can rarely be duplicated.
it is conjectured that additional or stronger anchoring systems would be used
for future operations.

Summary--The grounding of BEN FRANKLIN was caused by the failure of a surface
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ahip anchoring system. The submersible aspect of the operation did not
enter into the cause of the incident.

Incident No. 5: BEAVER Launching Accident.

BEAVER (ROUGHNECK) was damaged during March 1969 while being launched
from her ma'rine railway landing facility on Catalina Island.

Description--For sea trial and nearshore operational work, BEAVER utilizes
a marinc railway-type launch system. The vehicle sits in a cradle and is
run down a track into the water. Under rough water conditions, this system
has problems when the vehicle is becoming bouyant on the cradle. Recovery
is particularly difficult under these conditions, as the floating, bobbing
vehicle must be brought into contact with the rigid cradle.

Cause--The "system" concept of this launch/recovery equipment did not allow
for the rough water that was actually encountered.

Corrective action--Launching the vehicle in a "heavy" trim conditiorn would
improve passage through the air/sea interface. Once beneath the surface,
and at an appropriate depth, the vehicle could be released, gain neutral
buoyancy, and start her mission. Recovery could also be done underwater
with the vehicle coming into the area under neutral trim conditions. It
could be hooked onto a winch cable and then pulled down onto the cradle.
Ballast water would be pumped in until an appropriate heavy condition is
achieved for passage out of the water on the marine railway.

Summary-- The marine railway-type launch and recovery system was not appro-
priate to heavy-sea operations. The submersible aspect of the vehicle did
not contribute to the problem and might even assist in its solution.

Incident No. 6: Near-loss of GUPPY.

Description--GUPPY was on deck after a dive. The hatch was open and the
hoisting winch cable was still loosely attached. A sudden sea swell caused
the support ship to roll unexpectedly and GUPPY slid along the deck until
stopped by the winch cable. If the cable had not been attached the vehicle
would probably have gone over the side with her hatch open and been lost.

Cause--The vehicle was not lashed down on deck. The open hatch could have
been a problem if the vehicle had gone overboard.

Corrective action--The operating team established a new procedure such that:
"GUPPY's hatch must not be opened after or between operations until the ve-
hicle is lashed down."

Summary--The deck handling of the vehicle created the incident and it was
not related to the submersible aspect of the operation.

Operational Incidents

Incident No. 1: Collision of ASHERA.
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Description--While operating in the Aegean Sea during the summer of 1964,
AShERA struck an underwater object and cracked a viewport. No flooding
resulted.

Cause--The vehicle was operating in B depth region where subsea wave action
was present. There were no guards on the viewports and no vehicle structure
in front of the pressure hull.

Corrective action--External guards were installed in front of the viewports.

Incident No. 2: Loss of contact with surface ship of SEA CLIFF and TURTLE.

Description--While undergoing sea trials in the Tongue of the Ocean off of
New Providence Island, the AUTEC vwhicles (SEA CLIFF and TURTLE) became
separated from their surface support ship.

Cause-- Subsurface currents were not considered in the operational plans.

These subsurface currents in the operating area unexpectedly moved the vehi-
cle(s) away from the surface ship where vehicle communications contact could
be lost.

Corrective action--Subsurface currents were measured in the operating depth
region and operational plans were made that accounted for vehicle drift with-
in the current pattern.

Incident No. 3: Loss of contact with surface ship of DEEPSTAR 4000.

Description--While operating at night in the Gulf of Mexico off of the Florida
coast, DEEPSTAR 4000 became separated from her surface support ship and lost
communications contact. After surfacing, DEEPSTAR 4000 could not establish
surface commux.1cations and was temporarily lost. She was located and recovered
by the support sh!D after the submersible pilot fired a small signal flart.

Cause--The vehicle vas diving in the vicinity of the Gulf stream, and the sub-
surface-current profile did not follow the surface-current profile. This re-
sulted in the loss of. underwater communications. Using established "loss of
communications" procedures, the vehicle surfaced. An electrical storm affect-
ed the small "CB" radio and surface communications could not be established.

Corrective action--Greater emphasis was placed on subsurface-current profiles
as well as the tracking system trends with respect to drift. The submersible
"CB" radio was replaced with a higher power FM system and an FM direction-
finding capability was added to the support ship. The submersible flare system
was upgraded to a 20 mm size with a parachute-flare capability.

Incident No. 4: Loss of depth control by ALUMINAUT.

Description--While on sea trials in Long Island Sound, the ALUMINAUT lost
depth control and made a rapid unexpected excursion toward the bottom. Im-
mediate corrective action prevented bottom contact.

Cause--The operational area crossed the offshore mouth of the Connecticut
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River. The submersible being trimmed for salt water became heavy as she
entered the fresh water river flow. With a 70-ton submersible, the change
in buoyancy was 3500 lb on a calculated basis.

Corrective action--Immediate action was to blow ballast tanks, drop shot,
and power up with the vertical prop. A diver took water samples that showed
fresh water down to 120 ft. The operating area was then shifted to avoid
the offshore effect of the river.

Incident No. 5: Hazard of moving marker lines. /

Description--While operating on oil pipe line and other bottom surveys, the
Perry submarine group used anchored lines as markers and reference points.
The lines tended to float up and/or move into the path uf the survey sub,
creating a hazardous situation.

Cause--The marker lines were near neutral in buoyancy and moved around in
the water.

Corrective action--Leaded (or lead-filled) lines were used as reference
markers. These stayed put on the bottom and did not endanger the submersible.

Incident No. 6: Entanglement of DEEP QUEST in line.

Description--While conducting a recovery test in 430 ft of water, DEEP QUEST
became entangled with a 3/8 in. polypropyiene line. The line was caught in
the port prop assembly of the vehicle and effectively anchored the submer-
sible to the test object.

Cause--The test object was placed u j ing the polypropylene line with sections
being cut rather Lhan removed.

Corrective action--The submersible NEKTON was transported to the scene and,
using a divers knife attached to her manipulatov, cut DEEP QUEST free. A
review of the operating conditions will be made prior to entry into the area.
Specific problems such as lines will be identified and considered during
vehicle movements.

Incident No. 7: Dropping of battery by DEEPSTAR 2000.

Description--During a rough water launch, DEEPSTAR 2000 unexpectedly dropped
a battery. The batteries form part of the vehicle's safety system and can
be dropped using a manual cable-release system. The cable runs from the man-
ual crank on the pressure hull through the exostructure to the battery box.

Cause--Flexing of the exostructure during the rough water launch was sufficient
to trip the release mechanism and drop the battery.

Corrective action--The exostructure was stiffened in those areas where inter-
action with the battery drop cable was significant.
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Equipment Incidents

Incident No. 1: Floodi.ng of GUPPY's motor.

Description--While operating in the Bahamas off Freeport, GUPPY experienced
floodLng in a propulsion motor resulting in a massive electrical short cir-
cut to the 440 VAC supply (cable power from the surface).

Cause--The power connector at the motor had two seating surfaces that were to
.3eal when the connector was properly attached. Investigation of the flooding
showed a dimensional error of 0.012 inch such that the connector looked seat-
ed but in reality was not.

Corrective action--The design of the connector was changed such that only one

seating surface is required.

Incident No. 2: Power loss of ROUGHNECK (BEAVER MK IV).

Description--During June 1970 off of Santa Barbara, ROUGHNECK (BEAVER MK IV)
experienced a propulsion system short circuit and lost power to the star--
board propulsion motor. Port and starboard trim was affected and some arcing.
and smoking occurred inside the pressure hull.

Cause--A short circuit in a junction box Lad burned a hole in the starboard
propulsion cable. The oil-compensating system for the junction box had tried
to account for the loss of oil in the bcx; this resulted in the loss of the
compensating oil which affected the vehicle trim.

Corrective action--Following the incident, clean-up repairs were made. Salt
water/electrical system interactions are always possible and secondary fail-
ures can be eliminated through system isolation and redu "nt safety features.

Incident No. 3: DEEPSTAR 4000 heavy on the bottom.

Description--On dive 162, DEEPSTAR 4000 experienced a series of related and
unrelated incidents that resulted in the vehicle becoming heavy on the bottom.
Several of the emergency weight-dropping systems had to be used before thevehicle was able to surface.

Cause--3ecause vehicle was to take core samples, extra weight was desirable.
The dive was made with the vehicle in a heavy (75-1b) trim condition, i.e.,
after the descent weight was dropped the vehicle was still negatively buoyant.
Trim weights would be dropped to achieve neutral buoyancy if desired. With
the vehicle on the silt bottom maneuvering around to place the core, tubes
picked up about 100 lb of silt in the external fairing cavities.

The hydraulic system failed due to mechanical seizure of a face seal and
the mercury trim system then could not transfer mercury forward to drive in
the core tubes. It was decided to abort the mission and surface. The follow-
ing events then became significant. The 186-lb ascent weight could not be
released hydraulically; the manual back-up release was initiated; the weight
hung up in its housing and did not irop The small trim weights could not be
dropped due to the lack of hydraulic power (about 150-lb capability). The
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mercury of the trim system (200 Ib) was released using the installed nitrogen
blow system but the vehicle was still heavy.

In an unrelated situation, the variable ballast bottles had flooded (80
lb) due to faulty silver-brazed piping joints. The weight status of the
vehicle from neutral buoyance was then: plus 100 lb of silt in the fairing,
plus 80 lb of water in the variable ballast tank, plus 75 lb of trim weights
(initial dive condition), making a total of +255, less 200 lb of mercury
from mercury trim system equaling net 55 lb heavy.

The ascent weight of 186 lb was hung up and the vehicle was still on the
bottom. Weight resources available included the vehicle brow with its scien-
tific instrument suit (70 lb) and the forward battery (450 lb). Since the
exact weight status of the vehicle was not known at the time, the forward bat-
tery was dropped (450 lb) and vehicle ascent commenced. The pitch up of the
vehicle also shook out the assent weight. A rapid safe ascent was made.

Corrective action--The hydraulic drive motor and seal system was repaired.
The ascent weight housing was modified so that the weight could not hang up
even at abnormal vehicle attitudes. The water-bottle type of variable ballast
system was replaced with a hard tank/soft tank pumped oil system. The small
weight dropper was modified so that the entire set of weights could be drop-
ped mechanically.

As extensive as the corrective action was to DEEPSTAR, it is noteworthy
that even with four unrelated incidents (silt, VBS flooding, hydraulic system
failure, ascent weight hang up) the vehicle made a safe ascent and still had
the brow release system in reserve.

Incident No. 4: Loss of power of STAR III.

Description--During operations off Bermuda in August of 1966, STAR III experi-
enced a battery box failure causing a total loss of power. The vehicle sur-
faced by blowing the main ballast tank.

Cause--Investigation showed that the oil compensation system for the battery
was nct large enough and the battery box failed when subjected to abnormal
external pressure.

Corrective action--The compensation system was redesigned to increase its
capacity. The fiberglass battery box was replaced with a 316 stainless steel
box of greater strength.

Incident No. 5: Lack of depth control of TRIESTE II.

Description--During sea trials TRIESTE II exhibited a lack of depth control
in shallow water. As such, dives in water depths less than 1000 ft were not
conducted.

Cause--Internal examination of the gasoline float showed that the air-vent
holes in the ring stiffeners had been drilled with a conventional drilling
tool. The size of the tool body resulted in holes being drilled 3/4 in. to
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1 in. down from the inside of the float. When filled with gasoline, the
air was not able to vent out of the float and a significant volume of en-
trapped air resulted. As a dive started, air would compress and an un-
controllable descent would result for the first 300 to 700 ft.

Corrective action--The holes were extended by grinding up to the inside of

the float. Smooth controllable dives were then possible in shallow water.

* Incident No. 6: Entanglement of buoys.

Description--On shallow missions Perry submarines (PC-5, SHELF DIVER and
others) periodically tow surface buoys for tracking purposes. These buoys
have occasionally become entangled in surface structures or the tracking
ship. In one case, the ship caught the buoy line and actually dragged the
submersible off course.

Cause--The buoy and buoy line were firmly attached to the submersible and
there was no method available for the submersible to release the line if
it became entangled.

Corrective action--A line release/cutter assembly was added to the submer-
sibles so that the pilot is able to release the line.

Incident No. 7: Failure of hull penetrator in ALUMINAUT.

Descriptiou--While at 5500 ft off of Vieques Island on 14 August 1968,
ALUMINAUT experienced a failure in the No. 1 hull penetrator. Water in a
1/4-in, st-eam entered the vehicle at the rate of 1 qt per minute. Ballast
shot was dropped and ascent to the surface took 53 min.

Cause--A short circuit in the penetrator had burned across the 0-ring seal,
creating a water-leak path.

Corrective action--The penetrator was redesigned so that an electrical fault
would not. result in a mechanical failure.

These equipment failures relate primarily to electrical short circuits;
they are, however, due to the presence of salt water where it does not belong.
The water leak is then the real cause of the failures and mechanical design
must be the key factor. With respect to pressure and leak integrity, the be-
havior of materials and components when subjected to ocean pressure must be
adequately considered. Pressure acts in three dimensions. This effect is
not often considered in catalogs for seals and gaskets - i.e., a seal for
3000-psi differential may not perform adequately in a 5000-to 8000-psi en-
vironment.

Pressure volume relationships, particularly in the firot several hundred
feet of water, are critical and due conaideration must be given to compression-
expansion phenomenas.

Conclusions

Some 20 submersible incidents have been discussed. Considering that these
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incidents cover 14 vehicles over the span of 5 years and several thousand
dives, the safety and operational record of manned submersibles is extremely
good. A review of the various incidents shows that most of them are connected
with handling and at-sea use where seamanship, operational planning, and nau-
tical skill are the key factors. In gathering background data for this paper,
all of the vehicle operators indicated that predive and postdive checklists
were vital to the safe operation of their submersible. A typical checklist
set from DEEPSTAR 2000 is included for general information and guidance.

In only one-third of the reported incidents did submersible equipment de-
signs play a significant part. A submersible is a specialized type of vessel
and care and expertise must be. used in its design and construction, but it is
still a vessel to be used at sea by seamen. The need for good seamanship in
its truest sense of the word must be realized and practiced.

H.1
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L- &B. THE SINKING AND RESCUE OF PISCES III: MR. H. PASS

PISCES III, supported by the mother ship VICKERS VOYAGER, was engaged
in the burial of cable repeaters on the U.K. end of the newly laid CANTAT IT
cable. The unit arrived on site on 8 August and carried out routine dives
until 22 August when she returned to Cork for a crew change. The second
phase of the charter had been under way for some days and on Wednesday 29
August at 0100 hours, PISCES III commenced a dive at position 5Q0 0901 N,
110 0707 W. The dive lasted for approximately 8 hr and PISCES III surfaced
at 0918 hr.

The crew at the t!me were Roger Mallinson, Pilot in Command, and Roger
Chapman, Senior Pilot, who was acting as observer. In my opinion, it is
largely due to the behavior under stress of Roger Chapman that these two
men are still alive. That is not to say the submersible would not have been
recovered but, rather, that the outcome might have been very different.

In my Session I presentation I described the sequence of events in the
recovery and I will take this up at the point where the tow line is attached
to the submersible. The sea was far from calm at the time. Conditions have
been variously described by eye witnesses 'ut it seems likely that the waves
were between 6 and 10 ft high at the time. The diver had climbed aboard the
submersible and was standing in his normal position by the sail when the ac-
cident occurred. The aft-sphere hatch was held in place by four radial dogs

~7 which, in the locked position, engaged under the rim of the hatch opening.
Locking and unlocking the dogs was effected by turning the nut on top of the

hatch about 3Q0* (This small turning angle is in itself a significant con-
tributer to the accident.) In normal circumstances the nut would have beenI
prevented from turning by the locking handle. The locking handle wasa

hole in the other. The hexagonal hole was orientated so that when the dogs
were locked, the tail of the handle was secured in position by a nut on the

vent plug, which also formed the seal on the vent itself.

It is necessary to go back a little further in the history to describe the
most significant cause of the accident. In July the then operating PISCES III
team had been forced to terminate several dives because of water-alarm indi-

cations. The aft sphere is fitted with an electric water alarm, which gives 1
an audible and visual warning, but it does not discriminate between small and
gross leaks and will, in fact, be activated by less than a teaspoonful of
water £n the sphere. A water alarm should be followed by immediate emergency
procedure known as tIX-rayt"--rapid ascent made possible by blowing the air
ballast tanks with compressed air. This procedure causes excessively rapid
gassing of the batteries with consequent loss of electrolyte and a considerable
amount of work for the maintenance crew. Investigation showed very small
amounts of water, probably less than an egg cup-full, in the after sphere.



Eventually, the leak was traced by one of our senior pilots to a damaged
thread on the vent plug thaL prevented the cap from sealing. He looked in
the on-board stores for a new plug and cap but was unable to find them. In-
steed of having a new one made in the ship's workshop--which is fully equipped
for this type of work--he took a shortcut and replaced the vent by a simple
screwed plug with a seal under the head. This cured the water leak but,as a
result, the locking handle could no longer be fitted. This action was in
direct opposition to standing company orders stating that no modifications
which could in any way affect the safety of the submersible may be carried
out without the written approval of the Technical Manager, which at that time
was myself. Had I beei. approached at the. time, I am sure that the obvious
risks would have made me refuse to approve this solution. There were miti-
gating circumstances in that PISCES III's sister submersible PISCES II had
been operated satisfactorily over a period of 4 years with a similar hatch-
dogging mechanism but withoult a locking handle. The significant difference,
however, was that PISCES I: was fitted with an aluminium fairing over the
hatch cover which effectively prevented anything from contacting the locking
nut.

At the time of the accident the tow line had been laid across the stern
of the submersible by the action of the sea. The line had caught around
the dog operating nut and was slack. Before th~e diver had time to lift the
line clear of the hatch, a combination of wave action, ship's motion, and
hauling in of the line caused the line to pull taut. In doing so, it turn-
ed the nut the necessary 3Q0 and almost simultaneously flipped the hatch off.
In the sea conditions prevailing, it was a matter of seconds before the aft
spher, had býecome completely filled with sea water weighing approximately
2 tons and PISCES III rapidly submerged. The time was 0922. For a time
PISCES III hung on the tow line directly below the ship at a depth of about
70 ft. The tow line parted at 0940 and PISCES III sank rapidly to the bottom,
a depth of 1575 ft. In the short time between the tow line parting and theIsubmersible hitting the bottom, the two men inside were able to rearrange
equipment, seat cushions, etc. in the command sphere to lessen the effects of
the inevitable collision. Descent was not as rapid as they expected and
neither the men nor the equipment suffered much damage. At 0945 the crew
reported that they were on the bottom and that the submersible was lyincq with
its command sphere vertically above the aft sphere. This strange attitude
resulted from the aft sphere being full of water and the 400-lb lead weight
normally carried under the command sphere having been jettisoned in an attempt
to prevent the sinking. Subsequently it was established that the vessel's
attitude was approximately 720 to the horizontal but to the two men in the
submersible the difference must have been purely academic.

The first intimation we had in the Barrow base was at 1000 hours, 15 min-
utes after PISCES III hit the bottom, when the Operations Controller, Mr. R.
Henderson, reported the incident by radio telephone to the General Manager,
Commancer Peter Messervy. A-management meeting was taking place in the
General Manager's office at the time so that, with the exception of the Opera-
tions Manager who was at sea with our other ship VICKERS VENTURER, all the
senior managers of the company received the news simultaneously o~er the loud-
speaker telephone.

One of the most significant features of the occasion was the complete ab-
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sence of panic, both at the base and at the scene of the accident. Commander
Messervy immediately assumed command of the rescue exercise and stated that
no action was to be undertaken without his knowledge and approval. As a re-
suit, the whole operation was carried out in an orderly and well-planned man-
ner. Commander Messervy then issued instructions to contact all organizations
that had the ability to contribute to the rescue. This decision to enlist as
much help as possible from the outset turned out to be one of the wisest.

First contacted was our second unit, VICKERS VENTURER and PISCES II,
operating some 150 miles out in the North Sea. The Operations Manager, Mr. R.
Eastaugh, was informed of the accident and instructed to get PISCES II ashore
on the east coast as quickly as possible. The charterers- of PISCES II, Phillips
Petroleum, were contacted and permission was given to come off charter for
the rescue.

Second, our friendly rivals in Canada, Hyco~were contacted and asked if
they could send PISCES V to help in the rescue. Their response was immediate
and their President, Mr. R. Oldaker, instructed his operating team to stop
what they were doing and get ready to fly ,to Ireland with PISCES V and its
support equipment. Hyco then made their own arrangements with the U.S. Air
Force for a Hercules Aircraft to effect the transportation.

Next the U.S. Navy in London was asked if they would send DSRV and/or
CURV. They replied that DSRV could not be put in a state of operational
readiness in less than 48 hours, but that CURV could be mobilized almost im-
mediately in San Diego. The request was made for CURV to be flown to Cork
with all possible haste.

The Royal Navy was contacted as a matter of courtesy, since all our op-
-rations are carried out with the full knowledge of the R.N. While 1575 feet
is well beyond the re-cue capabilities of the R.N., a very useful contribution
was made in sending the survey ship H.M.S. HECATE, which remained on site from
early Thursday morning until the operation was successfully completed on
Saturday afternoon. H.M.S. HECATE was used as a communications base during
VICKERS VOYAGER's absence from the scene while she went to Cork to pick up the
rescue submersibles. H.M.S. HECATE also rendered valuable assistance by loan-
ing one of her Gemini inflatables when we experienced engine trouble with ours
during the rescue.

At the beginning, VICKERS VOYAGER was instructed to remain on site to
maintain communications with PISCES III until a relief ship arrived. The

first ship to appear was the Royal Fleet 1"xiliary, SIR TRISTRAM, which was
used as a communications center pending the arrival of H.M.S. HECATE. VICKERS
VOYAGER set sail for Cork at approximately 1815 hours on Wednesday almost ex-
actly 9 hr after the sinking.

For my own part, my two main tasks were to assess the life support remain-
ing on PISCES III and to prepare the lifting equipment for the recovery. The
first of these was relatively easy as I had a report of the oxygen and CO2
absorbent on board and it was simply a matter of making a realisuic appraisal
of oxygen consumption rate. The figure I used for the calculati.on was 0.5
liters per man-minute, which was intended to include a consideration for the
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expectation that the naturally apprehensive mental state of the trapped men
would increase their oxygen consumption above the minimum needed for survival
in ideal conditions. It turned out this figure was conservative; their actual
usage averaged approximately 0.3 liters per man-minute. I also checked the
expected endurance of the CO2 absorbent and this was considerably in excess
of the oxygen supply.

The second of my tasks was more ".•fricult: we had to decide what lifting
equipment was needed and then manufacture it. At a conference with other
engineers, d reference to the ALVIN incident resulted in the now famous tog-
gle being sketched on the back of an envelope. The sketch was taken to the
nearby Vickers Shipbuilding Company's plating shop, and by twelve noon, two
of these toggles had been delivered to the Oceanics base and packed for trans-
port to Cork.

Vicker's two light airplances had been organized to ferry personnel and
equipment to Cork. PISCES II had been transferred to a rig supply ship to
speed up her transport to Teesport on the northeast coast of England. A
Hercules aircraft had been organized to transport PISCES II from Teesport
to Cork. Shipping agents in Teesport and Cork had set up local operations
headquarters. Arrangements had been made for the Canadian cable ship, JOHN
CABOT, to sail from Swansea to Cork to pick up CURV when it arrived from San
Diego. A base operations-control organization had been established in Barrow.
The U.S.S. AEOLUS had also been diverted to head for the scene.

ou Remaining minor but very important planning details were continued through-
out Wednesday afternoon and, at 2020 hours, Commander Messervy and the base
staff involved (including myself) flew to Cork, and went immediately to the
office of the shipping agent whose premises were to be used as the Cork head-
quarters.

The next significant events were the arrival (on Thursday, 30 August) of
PISCES V at 0330 from Halifax, Nova Scotia and PISCES II at 0412 from Teesport.
These two submersibles with their support gear were loaded onto low loaders
and transported to the dockside at Cork, arriving there at 0730 to await
VICKERS VOYAGER's arrival at 0815.

At 1035 VOYAGER set sail from Cork; on board were PISCES II, PISCES V,
support equipMeit, the base support team, and all other equipment considered
necessary for the operation. In the following 131 hours activity continued
briskly in the hangar deck of VIXý(ERS VOYAGER to prepare PISCES II and PISCES
V fac diving. In the meantimcn,, the detailed recovery campaign was worked out.
It was decyed that PISCES II Isould make the first--and what we then expected
to be the only--rescue attemst. It was also decided that a buoyant line would

give the rescuing submersible greater freedom to maneuver since the line would
stream straight up and clear of such things as propulsion motors, lifting hooks,
etc. The toggle was fixed in PISCES 11's manipulator with about 2000 ft of
buoyant lifting line attached. The first 10 ft or so of this line from the
toggle was lashed with light nylon lashings to various strong points on PISCES
II's exortructure. The idea was that once the toggle hook had been placed in
the open hatch of PISCES III's aft sphere and found to be firm, PISCES II could
back off and break the lashings, leaving things clear for the lift to take place.
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At 0100, 110YAGER~ arrived on site. At 0107, PISCES II was ready to dive
and the normil operational launching sequence started with the launch of the
Gemini inflatable boat. At this point snag number one occurred--the Gemini's
engine would not start. Both spare engines also failed to start. Urgent
action to put this right resulted in resumption of the launching sequence at
0200 hours.

PISCES II commenced her dive and reported that she was in sonar contact
with PISCES III. At 0244 PISCES II was near the bottom and making good pro-
gress when suddenly the lifting line, complete with toggle hook, was wrenched
from PISCES 11 by a combination of excessive buoyancy of the rope and severe
weather topside. PISCES 11 was recovered so that the toggle could be refit-
ted but examination showed that the manipulator had sustained severe damage
and needed repair or replacement. Fortunately we had had the foresight to
take along a spare manipulater from PISCES I. However, since replacement
would take rather a long time, we decided that PISCES V should make the second
rescue attempt. The head of the Hyco team, Mike Macdonald, elected to use a
different type of hook which he had used successfuý'y on a previous recovery
operation. This was essentially a conventional open-crane hook fitted with a
spring-loaded gate and an attachment which fitted the manipulator claw. His

F plan was to insert this hook in the main lifting eye of PISCES III. At 0545
PISCES V dived; at 0615 she reached the bottom and spent the next 61 hr
searching for PISCES III. The excessive time was caused by a number of fac-
tors. First, PISCES III's depth gauge was faulty. Second, the gyro compass
fitted to PISCES V was drifting at a rate of about 300/hr, which rendered
direction from the surface extremely difficult if not impossible. Third, a
trawler hired by representatives of the press and television hampered opera-
tions by sailing too near the site and thereby interfering with communications.
This continued in spite of repeated requests for them to stay clear.

PISCES V was recovered and relaunched, because she had strayed too far
from the PISCES III position. Finally, at 1244 PISCES V reported that she
had PISCES III in sight. PISCES V then placed the lift hook in the eye on

PISCES III. However, as PISCES V backed off, the lift hook rolled over andt the safety gate opened, allowing the hook to slip out of the eye. PISCES V
managed to catch the line but was only able to attach the hook to the star-
board propeller guard on PISCES III. This guard was only a light tubular
structure and in no way strong enough to be used as a lifting attachment. Un-

fortunately, this time the safety gate had worked and PISCES V could not dis-

It was by now 1430 and PISCES V's batteries were very low. She was told
by the surface to remain with PISCES III so that her pinger and underwater *
telephone could ba used by PISCES If for location. In the meantime work con-
tinued feverishly on PISCES 11 to prepare her for diving again. The work was
proving difficult and taking much linger than expected: personnel making the3
repairs had not slept for some 55 hr and, also, the weather had worsened to
force 8 to 9 winds with waves up to 40-ft high.

Between 1430 and 1730 attempts were made to attach a choker sent from the
surface down the line originally taken down by PISCES V, but her batteries
were too low. At 1730, JOHN CABOT arrived on the scene with CURV, Commander
Moss U.S.N., and Mr. Watts and Mr. Lawrence of Naval Undersea Center in San



Diego. They said that CURV would be able to insert our toggle into PISCES
III's hatch without difficulty and that CURV would be ready to dive in less
than 1 hr.

At 1950 PISCES II was launched again complete witt. toggle, nonbuoyant line,
and stronger fastenings. However, she was still on the surface when she re-
ported an aft-sphere water alarm and recovery was effected immediately. The
time was then 2015. At 2130 a relief team arrived by helicopter from Barrow
and took over the task of finding the fAUlt in PISCES II.

Meanwhile CURV had reported that she was having troubles and launching
would be delayed. rhe trouble turned out to be sea water in her main 55 way-
cable joint which caused some essential equipment to burn out when the power
was switched on. It took the CURV team, working flat out until 0400 on
Saturday morning to rectify the faults. Prior to this, the relief team had
ascertained that PISCES Il's after sphere had not leaked sea water but that
the water alarm was probably caused by a metallic foreign body shorting out
the terminals of the water alarm.

PISCES II was relaunched at 0402 with toggle and 31-inch polypropylene
line. At 0505, PISCES II reported that she had placed the toggle in the hatch
of PISCES III and that it was firm. This line had a specified breaking strength
of 11 tons and could lift PISCES III near the surface for attachment of main
lifting line but it was decided that, as an insurance, CURV should take down a

L second toggle and line. This decision was made in light of knowledge that the
life support in PISCES III was holding out well and that the weather topside
was worsening. At 0745 PISCES Il was recovered. At 0940 CURV was launchedI with a second toggle and 6-inch braided nylon line. At 1030 CURV reported the
second toggle fixed with positive lock. Decision was made to lift from JOHN
CABOT since her lifting equipment and positioning ability were better than
those of VICKERS VOYAGER. At 1100, the lifting'operation commenced and, at
1109, PISCES III reported that her depth gauge had moved for the first time
in 31 days. At 1142, the lift had to stop temporarily with PISCES III at 350
ft because the lift lines had become tangled.

At 1205 PISCES III was within 60 ft of the surface. Lifting stopped so
that divers could attach a heavy lifting line to the main lifting eye. In
view of the physical state of our own divers, 31 days without sleep, a team
of U.S. Navy divers from U.S.S. AEOLUS volunteered. However, after approxi-
mately 10 min, the two divers surfaced in an exhausted condition and reported
that because of the violent motion of PISCES III they could not attach the

main line. Thus, one of Vickers Oceanics divers who was accustomed to carry-
ing out this job went down and was able to attach the line very quickly. At 1
1247 the final lift commenced and at 1303 PISCES III's main sphere hatch was
clear of the water.

At this time, extra lifting lines and a large mine flotation were attached
for extra safety in the still worsening weather. At 1317, the command sphere
hatch of PISCES III was opened and the two men climbed out, looking remarkably
fresh after their ordeal.

In conclusion, I would like to say a few words about the precautions we
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have taken to prevent recurrence of such an incident. The hatch-locking
mechanism has been modified by the addition of a locking plate screwed in
position. The whole area has been faired using a.-stainless steel-reinforced
acrylic cover, which is fixed to the main skin of the submersible with eight
screws. It is an important feature of the predive checks to ensure visually
that the locking plate is screwed in the locked position and that the acrylic
cover is firmly attached. This would not prevent flooding of the aft sphere
if, for'instance, one of the electric or hydraulic penetractors should fail
catastrophically. Either of these events is extremely unlikely because both
types of penetrator have been designed such that only direct physical force
or blows that could wrench the penetrators from the holes in the sphere could
cause rapid flooding. I cannot conceive any circumstances in which the neces-
sary blow or force could be imparted. However, the slight possibility remains
and it has been suggested that the after sphere should be jettisonable in such
an event. We have considered this approach but the cost considerations when
related to the probability of such a failure have ruled it out for our exist-
ing submersibles. For future designs, however, the possibility of incorporiat-
ing this feature is being considered.

For our existing submersibles we have decided to continue with the policy
of effecting recovery using either a rescuing submersible or an unmanned ve-
hicle such as CURV. To facilitate recovery by such vessels our submersibles
have been fitted with large-diameter emergency lifting eyes at a number of
strong points.

To avoid damage to the rescuing submersible, such as that to PISCES II on
her first rescue dive, all our submersibles have been fitted with a hydrauli-
cally operated release mechanismn that exerts a firm hold on the rescue line
until the pilot deliberately rel eases it. All our surface-support ships are
fitted with the basic necessities to effect a rescue, including lifting line,
special hooks, winches, and extra sheaves on the A frame to carry the lifting
line. In addition to this, it is company policy to always have two sub-
mersibles on board during any charter which involves diving outside normal
nondiving depths or which is so far from other operations that it would take
nn excessive time to get rescue teams and equipment to the site.
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C. THE JOHNSON-SEA-LINK INCIDENT: D. YOUNGBLOOD, M T).

The tragic entrapment of a research submersible, the JOHNSON-SEA-LINK,
resulted in the deaths of Al Stover and Clayton Link. Details of the in-
cident have been described in the "Report on the JOHNSON-SEA-LINK Expert
Review Panel to The Secretary, Smithsonian Institution, December 21, 1974,"
and Section L, Appendix II of Safety and Operational Guidelines for Under-
Sea Vehicles, Book II, an MTS publication. The latter includes official
comments replying to the Smithsonian report recommendation. What follows
may occasionally differ from the published reports. It is not meant to be
a contradiction or a criticism--only the recollections of one who was in-
volved in some aspects of the rescue attempt.

The J-S-L, a lock-out submersible designed by Edwin A. Link, is unique
in its use of an acrylic sphere for the forward compartment affording un-
equaled visibility for the pilot and scientist-observer. Modifications to
the original design included deletion of the diving planes, alteration of
the propulsion system changes in life-support, handling, and gas systems,
and in diver equipment. A number of these were completed during the spring
of 1973 and the sub was given a complete overhaul. SEA DIVER, with the
submersible aboard, put to sea on 29 May 1973 for proficiency training.
The boat was (and still is) considered to be in the experimental and evolu-
tionary stage of development, and had not been released as an operational
tool for the use of marine scientists. Twelve dives between 31 May and 7
June were conducted and SEA DIVER arrived in Key West on 6 June.

It was an unofficial request from the Navy that promoted our initial
survey of the U.S.S. FRED T. BARRY. The first dives on the wreck were made.
on 8 June 1973 and plans were made to conduct a series of dives of possible
scientific utility while the sub was still in the proficiency training stage
of operations.

Description of Accident

On 14 June, Bob Meek locked out of the J-S-L at 350 fsw alongside the
wreck in an attempt to test a "slurp gun." Chris Swann was in the after
compartment as diver-tender. Swann wore a wetsuit but Meek wore only cotton
clothing for protection from abrasions. Due to neoprene's degree of com-
pressibility, at depths beyonJ about 175 fsw there is little practical dif-
ference in insulating capability between wetsuits and simple fabric coveralls.
Both Meek and Swann were cold in the 12.5% helium-oxygen atmosphere during
the dive and the early stages of decompression. Menzies and I were comfort-
able in the acrylic forward compartment. The decompression was conducted
without incident.

Discussions were held during a debriefing following dives on 16 June con-
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cerning the desirability of obtaining cable cutters to mount externally on
the submarine as part of its permanent equipment. We planned to purchase
them in Key West on Monday, June 18.

Dive #130 was planned for Sunday, 17 June to recover fish traps in the
vicinity of .he BARRY's stern. A predive briefing was held; Clayton Link
and Al Stover elected to ride in the after compartment for observation and
familiarization.

Prior to launching the J-S-L, Captain Link and I discussed the possibility
of fouling in the wrec: and wrote down our contingency plan. In essence it
was as follows:

1. Notify the *Navy and request an ASR with ready chamber and standby
divers on station before attempting-pressurization and disentan-
glement by the J-S-L divers.

2. If the J-S-L divers failed to free the submarine in 30-mmn bottom
time, they would return to the J-S-L diver compartment and await
Navy rescue.

One hour and eighteen minutes into the dive, while backing away from the third
attempt to retrieve a fish trap, the submersible became entangled. While the
pilot could see the cable and had approximately 20 ft of scope for maneuvering,
he could not see the snap hook in which the cable was fouled. His instrument
panel indicated an inoperative top aft motor; this led to the assumption that
the cable was probably entangled in the top aft motor propeller, a miscon-
ception which affected decisions later regarding locking-out J-S-L divers.
Without cutting equipment or even gloves, freeing a wire-fouled propellor
would be time-consuming if not impossible.

The Coast Guard was notified at 0957 and they contacted the Navy in Key
West. At 1012 the ASR TRINGA was alerted to get underway.

At 1045, the occupants of the forward compartment experienced symptoms of
CO2 buildup and found the CO2 scrubber inoperative. A jury-rigged scribber
was effective in lowering the CO2 level in the warm acrylic sphere.

Recover Attempts

Extensive efforts were made by the support crew during the next 4 hr to
place a heavy anchor with a 1-in. diameter nylon descending line near the sub-
mersible. A light polypropylene line had oeen attached to the wreck previously,
but it was considered inadequate and it was fLared that it might part if sub-
jected to any strain. Efforts were made to maneuver a stronger line into the
pilot's view by placing first a weighted pinger, then a pinger/transponder,
and finally a weighted light on the nylon line and con them into position by
two-way radio communication between a small boat and the SEA DIVER AND THE J-
S-L. Even with the surface buoy For reference and the submersible's ability
to track range and azimuth of the weighted pinger, our efforts were unsuccess-
ful. There were apparently several currents setting in differing directions
at depth, making placement a macter of pure chance.
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The ASR TRINCA arrived at 1610 and we cleared the area for her 4-point
moor maneuvering.

TRINGA completed a 4-point moor at 2018. Both her sonar gear and SEA
DIVER's scanning equipment indicated that she was located over the submersible.
Menzies, Lhe pilot of the submersible, did not believe that the TRINGA was
directly overhead. Before committing divers, he suggested that a clump with
a bright light be lowered. This was done, and Menzies was unable to see the
light despite 50-ft or more visibility.

While the sonar experts discussed their relative certainty of the sub-
mersible's location, SEA DIVER support-crew members began a visual search by
towing a swimmer with mask and fins over the suspected location of the J-S-L.
Communications to Menzies were relayed by UQC from SEA DIVER and he was re-
quested to turn on the J-S-L's lights. After an estimated 10 min of search,
we sighted a faint green glow. We obtained positive verification by request-
ing Menzies to blink the submersible's lights. By 2115 we had pin-pointed
the subs location approximately 50 yd ahead of the TRINGA.

After further discussion, TRINGA winched ahead in her moor and, with her
lights doused to prevent reflection, she verified our sighting of the J-S-L
lights.

By this time CO2 buildup in the diver compartment was severe. At 2205
the occupants were instructed to commence BIBS air breathing.

Meanwhile TRINGA was making preparations to dive. According to my recol-
lection of discussions with the diving officer, 13% He-02 and 18% He-0 2 were
available. Navy Diving Manual instructions will rot allow dives from the
surface with less than 16% He-0 2 , and the higher oxygen percentage mix was
used, increasing the danger of CNS oxygen toxicity. The diving stage was on
the BARRY at 2258, some 50 ft from the submersible, and Menzies had the divers
in sight. As I recall the incident, communication was lost with one diver,
who was reported to be "acting strange." At any rate, the 50 ft through the
wreckage was judged impassable and the divers were started up at 2311.

By this time, exhalation had increased the after compartment pressure to
80 fsw. BIBS mix was shifted to 12.5% He-0 2 to reduce narcosis and keep the
02 partial pressure as low as possible.

At 0015, Monday, 18 June, the bottom hatch of the diver compartment opened
and the chamber pressure equalized at 350 fsw. It was estimated that perhaps

maximum of 1 hour of useful consciousness remained for the occupants of the
after compartment and no help from topside would be available within that time.
Therefore, it was recommended that a lock-out be attempted. Menzies discussed
this with Stover, who apparently felt that the cold and CO2 had so dulled their
mental faculties that the risk was unacceptable. A lock-out was declined.

The occupants of the after compartment were instructed to close and dog
the inner hatch, open both blow-down and ballast-vent valves, and pass control
of the decompression to the forward sphere. The plan was to vent the chamber
with the 12.5% He-0 2 to reduce the CO2 and 02, accepting the risk of inevi-
table 02 toxicity. No banks of pure helium were available on the submersible
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at that time.

The second surface rescue attempt occupied the full attention of the
forward-co*'ipartment occupants until 0218 when communication attempts with
Al Stover and Clayton Link were unsuccessful. At 0235 Menzies reported that
both blow-down and vent valves were only slightly cracked, not open as in-
structed, and, furthermore, he could not obtain a seal on the inner hatch.
This would preclude dropping the battery pod and blowing all ballast tanks in
a desperate attempt to break free as long as any hope remained that the J-S-L
divers were alive, Breaking free of the bottom with hatch unsealed could
cause a fatal explosive decompression.

At 0237 the Submarine Development Group One diving team arrived and be-
gan rigging their gear. There was a discussion of attempting a free dive
down to the J-S-L using a modified Beckman Electrolung closed-circuit re-
breather belonging to the Harbor Branch Foundation Engineering Laboratory.
The plan considered was to have one swimmer descend, free the submersible,
and lock into the after compartment for decompression. The electrolung had
been on an inoperative status for 4 months; it had incurred repeated CO2
breakthroughs in 17 min or less during cold-water tests at Duke University;

and two inconscious--and probably dead--occupants lying on the inner hatch
could prevent the electrolung swimmer from entering the J-S-L dive compartment,
even if he successfully freed the submersible. The plan was abaudoned.

By early Monday morning the occupants of the pilot compartment were be-

coming increasingly lethargic and depressed unless actual rescue efforts were
visible. Communication was maintained on a continuous basis, fearing that if
rlW fell asleep they might not reawaken. Periodic sampling of 02 was done

s _ make-work task. Readings were erratic but high (20% or greater); however,
the sample line exited the dive compartment near the forward bilges and it was
felt some of the readings could result from "puddling" of unmixed 02 from the
bleed-tn. A short bleed of pure 02 was ordered at 0610. The reasoning at the
time was that a little more wouldn't do much harm it CNS 02 toxicity had al-
ready occurred but, if the divers were alive and unconscious, it would be
tragic to allow them to suffer hypoxia.

At 0619 the roving bell and swimmer-divers reached 300 ft but could go no
farther in the strong surface current.

At 1240 the PC-8 submersible was launched from the deck of the AILERJACK

but her dive terminated with the loss of her sonar. At 1456 Menzies and Meek
commenced intermittent BIBS breathling with pressurization of the forward com-
partment.

The ALCOA SEA-PROBE arrived at 1510 and made preparations to lowqr a drill-

string recovery system. While the SEA PROBE was rigging, the A. B. WuC was
brought alongside TRINGA and lowered a T-V reconnaissance sled. Menzies guid-
ed the sled by relaying UQC to the SEA DIVER, which had radio contact with
the crane operator. At 16'0 a grapnel hooked the J-S-L and broke her free with
approximately 3000 lb pull.

Menzie, and Meek were assisted from the forward compartment and given pre-
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cautionary recompression therapy. The occupants of the after compartment
appeared to be dead, but the chamber was vented with a low oxygen mix and
warmed while a saturation decompression schedule was assumed. Watches were.
kept throughout the night but, by morning, hope was abandoned and a linear
ascent to the surface initiated. The chamber was opened at 2145 on 19.,June
and the occupants declared dead.

Review and Modification

Analysis ci 'TV recordings mad'e by the A,;. B. WOOD shewed that the sub-
mersible had become fouled ina snap hook on the starboard quarter. Had
the pilot known this and not assumed a fouled propeller, the decision to
lock-out might hove been differertt. The cable probably could have been
easily freed. The present devices replacing the hooks are simple, stream-
lined, and strong. Table IIC- lists modifications that have been made tc
the J-S-L.

Other Submersible Rescue Concepts Currentl- Under Development at the Harbor
Branch Foundatior.Engineering Laboratory

The Harbor B:anch Foundation Engineering Laboratory, under,'the direction
of Dr. Edwin A. Link, has developed a remotely controlled Cable Observation
and Rescue Device (CORD' capable of locating a disabled submersible, sur-
veying the situation by underwater television, and attaching a lifting wire
to a suitable strongpoint by means of' a' self-locking grab device. This is
shown in Fig. IIC-l

"- ..... I

,1 i

//

//

/

/ N

Fig IIC-l. Diagram of CORD rescue system.
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The CORD is deployed from a rescue craft normally carried aboard the
support ship. The support ship is equipped with sonar tracking systems
capable of positioning the rescue craft within operating range of the sub-
mersible.

The rescue craft also has sonar plus additional positioning transducers
which integrate range and bearing from acoustic "pingers" mounted on the
"FISH" (CORD) and the stricken submersible. Electronic integration of this
information allows the rescue craft to remain dynamically positioned over
the submersible by means of ydraulic thrusters. A control console aboard
the rescue craft allows the operator of the FISH to survey the position and
attitude of the disabled submersible via underwater television prior to
attaching the self-locking grab and its separate lifting wire to an ap-
propriate strong point on the submersible.

The 2000 ft of multiplex cable for control of the FISH has a breaking
strength of 10,000 lb. The cable is stored on a reel in the rescue craft

and handled through a well near the craft's center of buoyancy by a 2-speed
hydraulic line hauler. The multiplex cable between the Current Deflection
Weight and the FISH is made neutrally buoyant or slightly positively buoy-
ant by UG-36 floatation foam inside a polyethelene tube. This helps avoid
entanglement of the FISH and aids maneuverability.

Although the multiplex cable could lift the wet-weight of the J-5-L
(approximately 8000 lb), this is not planned as the normal operational mode.
Instead the self-locking grab on the FISH is attached to a full-strength
lift wire made fast to the Current Deflection Weight, and the grab is de-
signed to break away from the FISH after attachment to the submersible
strongpoint. A second full-strength lifting wire attached to a drop-lock
device can then be sent down the multiplex cable/messenger wire to lock on-
to the Currect Deflection Weight for lifting the submersible.

The Cable Observation Rescue Device (CORD) is in the early stages of
testing and the FISH works well. The rescue craft is in the final stages of
contruction

Assuming the dry weight of the various components of the system, excluding
the rescue craft, to be approximately as follows:

FISH approx 720 lb
Control Console approx 600 lb
Transducers, etc. approx 600 lb
Line hauler approx 250 lb
Cable and reel approx 550 lb
Current Deflector approx 300 lb

Total Approx 3020 lb

it would be interesting to consider the concept of rapid deployment of this
device by air to any point in the world, transferring the system to a suitable
helicopter, and operating the CORD from a hovering helicopter in order to at-
tach lifting wires, etc., while conventional rescue ships proceed toward the
site to effect any lift beyond the helicopter's canability, ur to deploy divers
if required.
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SUMMARY OF DISCUSSION

The question of how mar.,- of the small submersibles carry first-aid kits
was raised. The DSRV carries a first-aid kit. What these kits should con-
sist of was also asked. These items are sometimes forgotten in that most
dives are routinely short. The crew in the Pisces incident survived on con-
centrated food products and they said that they could have lasted for about
4 days. It is a very good point that the Pisces victims did have sufficient
food and water. They were able to drink the condensation from within the
cabin. If one plans in terms of being trapped for days, provisioning and
operational considerations are affected. One consideration is that if one
eats more food, more oxygen is consumed. A person can survive for quite a
long time without food, but water is a limiting factor, particularly in a
heat-stress situation. In considering food, pure carbohydrates are preferred
because they produce water in the metabolic cycle. Water requirements must
be minimized.

The Marine Technology Society book on first-aid in submersible pilot
training advises a standard course as taught by the American Red Cross or a
branch of the military service, including, in particular, cardio-pulmonary
resuscitation. The Lockheed training of civilian test piloics in the DEEP
QUEST program did a cardio-pulmonary resuscitation training. While this
specific training never needed~in the DSRV program, one of the trainees,
happened on an auto accident and was able to use it successfully. It is a
handy 'Knowledge to have, even if one is not in submarine operations.

*In Australia about 6 months ago a fellow was stung by what was probably
a Sea Wasp. The victim became paralyzed and lost all respiratory function.I He was kept alive in a diving bell. and later in a DDC by mouth-to-mouth
resuscitation, He was transported in a helicopter all the way back to a
hospital, sustained by this method for a period of over 3 hours. In the
small submersible most people think tere is not enough power to cause elec-
trical cardiopulmonary arrest, but this is not altogether true because if an
electric shock impinges on the cardiac cycle at the right time it could cause
a cardiac arrest or ventricullar fibrillation.

A growing spectre among commercial diving companies is the interaction
between diving personnel and hard and soft drugs. Operations have taken
place in which up to 40% of the divers admitted to taking drugs. Additional
information is needed to ascertain the ser:Lousness of this problem and to
provide guidelines for men working beneath the sea. What are the long term
harmful affects? What are the synergistic affects with narcosis? How does
withdrawal affect performance?

A point was made with regards to proper bladder function, One accident
was described where a small submarine was dropped. Any physician that has
dealt with trauma realizes t'hat in an automobile accident, an airplane crash,
or in the case of dropping a submarine on deck, if one of the occupants has
a full bladder he can easily rupture it. The medical Complications as a re-
sult of this type~ of accident can be quite serious, and can culminate in
death from peritonitis. It might be wise to prevent such occurances by in-
sisting on tile use of a Human Element Ra1K'e Extender which is marketed for
$7.95 and commonly used in small aircraft.
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CONCLUSIONS AND RECOMMENDATIONS

1. It cannot be emphasized strongly enough that, in any operation"et sea,
there is no substitute for good seamanship and tested marine equipment.

2. The importance of understanding all possible operating conditipnsland
planning ahead for them is essential.

3. With respect to pressure and leak integrity, the behavior of materials
and components when subjected to ocean pressure must be adequately considered.

4. The contents of a first-aid kit for small submersible operations should
be defined, together with the necessary training in the possible emergencies
that could be anticipated.

5. The use ot hard and soft drugs by submersible and diving personnel must
be considered. What are the long-term effects? Whit are the synergistic
affects with narcosis? How does withdrawal affect performance?

6. The Pisces incident has dictated the following precautions to be in-
stituted by V.O.L.:

a. possible ability to be able to jettison the unmanned after sphere;
b. continue the policy of effecting recovery using either a rescuing

submersible or a CURV-like vehicle;
c. to facilitate recovery by such vessels, V.O.L.'s submersibles have

been fitted with large-diameter emergency lifting eyes at a number of
strong points;

d. V.O.L. vehicles have been fitted with hydraulically operated releasn
mechanisms whici exert a firm hold on a rescue line until the pilot
deliberately releases it;

e. all surface-support ships are fitted with lifting lines, special
hooks, winches, and extra sheaves on an A frame; and

f. two submersibles will be on board for remote or hazardous operatiol:

7. The JOHNSON-SEA-LINK incident has dictated the following modifications
to the vehicle:

a. Diver compartments
(1) increased CO2 scrubbing capability sufficient for 5 days plus
(2) protective clothing (both wet and dry)
(3) two closed-circuit rebreathers
(4) increased gas supplies
(5) atmospheric monitoring of this compartment from :he pilot's sphere
(6) unscrambled helium communication between diver, ýender, and for-

ward compartment A

(7) emergency cutting equipment
(8) food and water for 5 days J

b. Forward compartment
(1) increased CO2 scrubbing capability
(2) closed-circuit rebreathers
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(4) additiotial iimergency batterieg -to power communication and
svx.ubl-ers foV'9 days.

.(5) de ck d ecor.Ip re s s i ot Lhamber cn i'wsport vessel
(6) inflatable em'ergent,,y rescue buoy. iiý'stalled

(7~'thee ingr~t.'and a gtrob:ý lig permanently installed

8. The Harý.or Branch Fotdtoýýlgtern,ýbrtr has developed a re-
mote ly, controlled C~able Gboervation and Reý..ize 'PeVice (CORD) capable of
locatIng a'disablled' submnersible -;' surveying: t le situ~ation of underwater tele-
.vision,.and attachiing a*'liftdng wire to a" suitable strongpoint by means of a
sel-locking gr&b. device,, iire CORD m a'y p' PissilAiy,,be 'operated from a hovering
helicopter. I..
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SESSION III; BEHAVIORAL CONSIDERATIONS

A. PERSONNEL SELECTION, MEDICAL QUALIFICATIONS, AND TRAINING
REQUIREMENTS: LCDR R. BIERSNER MSC, USN

Personnel Selection

Purpose -- Valid personnel-selection techniques can be used to reduce train-
ing requirements by identifying those personnel with appropriate aptitudes
for Deep Submergence Vehicle (DSV) operations, and those who have learned
skills in comparable systems which may positively transfer to DSV operations.
These techniques can also be used to identify those who may develop severe
behavioral or psychiatric problems under the isolated and stressful conditions
typical of many DSV operations.

Current Selection Procedures

Within the Navy, selection standards for uniformed personnel as well as
civilians aboard Navy DSVs are specified in OPNAVINST 9290.3. This instruc-
tion states that such personnel must meet submarine qualification standards.
In addition, SECNAVINST 6420.A requires that a physician evaluate personnel
on "motivation, fears, and anxieties (especially claustrophobia)" prior to
their operating, or observing from, DSVs. The examining physician does not
have to be qualified in psychiatry or in submarine medicine, These medical
evaluations are to be performed annually.

Personnel selection standards for civilians aboard nor'military DSVs
involved in nonmilitary operations are primarily mananged by the Marine Tech-
nology Society (MTS). MTS has proposed that divers be useu as the principle
personnel resource. The MTS standards for personnel selection and psychologi--
cal evaluation are minimal and ambiguous and rely heavily on the psychological
screening processes of other systems (primarily Navy). MTS proposes that
claustrophobia should be evaluated as well as responsibility, initiative, and
mechanical aptitudes. These factors are not defined, nor is the rationale
foL emphasizing these particular factors provided. Also, the authority re-
sponsible for performaing these evaluations is not identified.

MTS states that an annual psychiatric evaluation is unnecessary. Although
evaluation by a qualified psychiatrist may be difficult and expensive, the
present author recommends that the examining physician should interview DSV
Tersonnel about possible psychological problems using a structured interview
form such as the "Life Crises Questionnaire,"

Assessment of Current Selection Procedures

I concur with the MTS statement that the small number of DSV personnel

does not warrant developing an extensive research program for DSVs alone.

However, some psychological factors important to effective DSV operations (as-

pecially responses to social. and sensory isolation, boredom, fatigue, and so
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forth) do have sufficient commonality with other systems (spacecraft,
saturation diving, Antarctic operations and submarines) to justify using DSVs
as a testi i for developing psychological methodologies for these other, P-ore
elaborate, systems. This concept would be similar to the BEN FRANKLIN rela-
tionship to the space program. The use of DSVs as a personnel testbed is
further Justified because situations like Operation Deep Freeze are not
readily accessible, while diving situations such as SEALAB and TEKTTTE are
rare.

Too much emphasis is placed on mechanical aptitudes and previous exper-
ience in other submersible systems. Most DSV systems are simple enough to be
learned by those with above average intelligence and the motivation to learn.
The question also arises whether experience with different submersible systems
may impede performance on DSV systems through negative transfer of training.

Interviews with Submarine Development Group One training officers indicate
that most DSV pilot-copilot trainees are volunteers from tne available pool
of conning officers stationed aboard diesel submarines. It appears that the
rapid decommissioning of diesel submarines has been an important factor in
most of these personnel volunteering for DSV service. The diesel-submarine
resource provides some training in electrical-mechanical principles similar to
(although more complex than) those used on DSVs. Specific equipment layouts
and controls may differ substantially between the two systems, giving rise to
the possibility of negative transfer of some cognitive and psychomotor skills.

The navigation skills learned aboard submarines are acknowledged to be the
most important skills transferable to DSVs. Relative positioning, obstacle
avoidance, and object detection and identification are crucial navigation
skills for DSV operations. Navigation is the key factor in successful DSV
missions, superseding even trim and control skills.

Another factor that submarine experience contributes to DSV selection
process is social adaptiveness. This is the ability to interact with others,
at least at the occupational level, during periods of prolonged social. re-
striction or interpersonal conflict. By serving successfully aboard submarines
over a number of patrols, these personnel have successfully demonstrated this
characteristic. It should be mentioned, however, that most critical interaction
patterns are part of the command structure of submarines; controls exist at
many levels to avoid or remedy interaction breakdowns at low-r levels. These
multilevel controls do not exist aboard DSVs. DSV personnel must learn to
recognize early the signs of social conflict and minimize its impact on opera-
tional perforrmance. It would appear that previous submarine experience might
develop this characteristic and selection of DSV operators from submarine re-
sources should continue as long as possible.

Recruitment of pilots-copilots may be a problem in the near future following
decommissioning of diesel submarines. DSVs are unlikely to get qualified nuc-
lear submarine officers because of shortages and priorities within the nut- lear
fleet.

Aviators are also an unlikely prospect. The shortage of qualified junior
aviation officers is chronic and aviation has recruitment priorities over DSVs.
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Experienced aviators (senior 0-3s and 0-4s) who have decided not to enter
the administrative career patterr required for advancement in aviation are
not likely to volunteer for DSV service because the advancement opportunities
are poor. In addition, the slow-performance characteristics of DSVs would be
a source of motivation and psychomotor problems for aviators. (A few of the
remaining blimp operators, however, may be interested.)

The next most likei, resource may be divers. As mentioned before, this
resource has been recommended by MTS. The selection of divers would present
some problems, however. Previous research has shown that divers do not adjust
well to many social situations. They maintain autonomy and have difficulty con-
taining anger if that autonomy is threatened. To reduce the possibility of
social conflict, it is recommended that divers with as much saturation diving
experience as possible be selected. Previous experience with restricted habi-
tat conditions would serve to develop the ability to cope with interpersonal
conflict.

Saturation divers also have experience ',ith hardware systems similar to
those of DSVs. Diving experience would not provide much in the way of vehicle
control and navigation skills, but there would be no problems with negative
transfer.

Miscellaneous Selection Procedures

Visual requirements -- The SECNAVINST which requires 20/70 visual acuity cor-
rectable to 20/20 for observers seems too capricious. Although visual acuity
is important to the search and location operations for DSV's, it is nonetheless
considered appropriate to require only correctable vision, regardless of re-
fraction.

A useful visual requirement for both operators and observers would be the
development of effective (nonredundant) scan patterns, as well as perceptual
field independence (which is the ability to locate target objects in a complex
visual field). These skills should improve the speed and accuracy of object
location and identification, thereby reducing mission time. It is doubtful
that the DSV training program could tolerate these visual requirements in the
selection process, but these skills could probably be acquired by training (see
below).

Vestibular requirements -- None of the documents reviewed mentioned motion
sickness or any othei vestibular problems as part of the screening process.
It is probably assumed that those with vestibular problems were screened out
in submarine service. (If this process were carried to the extreme, perhaps
destroyer personnel would be best suited for DSV operations.) Vestibular prob-
lems, however, usually subside once a submarine is underway and, even then, may
not be readily detectable in performance not directly related to vehicle con-
trol. The situation is more critical in DSVs. Rough surface conditions and
severe angles of attack (luring a dive may result in vestibular effects
which could degrade pilot control performance for hours afterwards. Under DSV
conditions, in which control of the vehicle and manipulators relies heavily on
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vestibular cues, it is highly recommended that vestibular screening be in-
corporated as part of the medical examination. More attention from the
research community might be directed toward this problem, with possible
application to other small vehicle systems.

Summary of selection procedures -- Procedures and standards for both the
Navy and ci'yilian DSV communities are often not well defined or regulated.
Selection techniques used in comparable situations could be applied to DSV
personnel selection. Similarly, DSV operations could serve as testbeds for
additional psychological screening and selection techniques for the mutual
benefit of both the DSV and related systems. Research areas might include the
psychological effects of isolation, small group interactions, fatigue, visual-
perceptual abilities, and performance (control) effects related to vestibular
disturbances.

Training Requirements

Purpose -- This analysis of DSV training is intended to specify techniques
by which mission objectives can be more rapidly or effectively met through
training, identify areas in which training can overcome personnel selection
constraints mentioned in the previous section, and recommend ways in which
present training resources could be used to reduce training time or improve the
quality of trained personnel.

Current training programs

Navy -- Interviews with Submarine Development Group One training personnel
indicate that crews aboard Navy DSVs (including DSRVs) are expected to rotate
every 3 years, resulting in a maximum annual training lcad of 25 trainees to
replace current Navy crews. This small training roquirement does not warrant
extensive training research unless the results again have applications to other
small crew systems (see previous section). The Navy must make maximum use
of training technology now centralized under the Chief of Naval Education and
Training (CNET).

Navy DSV training is now largely academic, emphasizing concepts, check-
lists, and cockpit familiarization. This training is managed under a formal
syllabus. Refresher training is given only at the request of the DSV operator
and does not follow a formal syllaLus.

Vehicle control training for Navy pilots-copilots and trouble-shooting/
launching training for the crew is accomplished on the job (OJT).

Civilian -- A rev4 ,ew of the MTS and Woods Hole training programs indicated that
these programs do not use a formal syllabus. Tho course outlines emphasize
academics (familiarity with DMV technical manuals). oJT was used for training
vehicle control skills (psychomotor performance).

Assessment of Current Training Procvdures

The improve-,ents which are recommended helow are not unique Lo D)SV training.
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Again, action on many of these recommendations may have to be Justified in
terms of establishing a model training system for other training situa-
tions involving small groups.

The pVesent Navy DSV syllabus should be based on current training technol-
ogies, including task-analysis and the Systems Approach to Training (SAT). In
order to design a more 'effective syllabus, training objectives should be
defined in terms of specific skill factors (cognitive, psychomotor, and moti-
vational) and the levels of proficiency required for each skill should also be
specified. Training developed on specific, measurable performance objectives
also prevents conflicts which may arise if trainees are evaluated by subject-
ive methods. Such conflicts are especially detrimental in small group
situations. In addition, objective training performance criteria could be used
not only in validly measuring trainee effectiveness, but also in evaluating
both personnel management and selection techniques and equipment design and
procedures. It is recommended that assistance in using current training
technologies for developing an improved Navy DSV training system be requested
from CNET through the appropriate training command structure.

rhe following paragraphs present specific training areas which may be im-
proved using current training technologies:

The present Navy syllabus should be designed to permit more flexibility in
the training sequence. Progress should be based on initial skill levels and
speed of learning. The trainees (both operators and crew) have highly differ-
ent skill levels, aptitudes, and intelligence and more provision should be made
for those who demonstrate unusual competence or learning ability to advance
more quickly. Tra'ning should be based on objective, measurable test perform-
ance.

More use should be made of available simulators. The small numbers of DSVs,
low vehicle-operating costs, and the availability of vehicles for training
purposes does not warrant building additional simulators. SEA CLIFF/TURTLE,
TRIESTE, and I)SRV have associated simulators, although some problems would
have to be overcome before these devices could be put to effective training use.
The following simulator problems and possible solutions were found:

(1) The SEA CLIFF/TURTLE device is at the Naval Training Equipment
Center (NTEC) and funds must be provided through CNET O&MN resources

for shipping and housing. If this device were programmed into a sylla-
bus emphasizing current tradninr technology, its cost-trainng benefits
could be more readily demonstrated and funds could be better justified.

(2) The TRIESTE II device has a number of software configuration
problems, Including the navigational logic. The major configuration
problem is the use of twu (instead of four) shot tanks. This limits
training related to ballast and trim control. The TRIESTE manipulator
dynamics are also outdated. Manipulator control panel cues are not
easily read. The cost of correcting these problems could be easily
Justified if use of the device were formally Integrated into the
training syllabus.
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The device warrants better use as a familiarization and
procedures trainer, and as a basic instrument trainer. It could
develop major psychomotor skills. In addition, its most im-
portant use may be training in emergency procedures, including
electrical and sonar failures, shot loss, venting and rupture
casualties, loss or fouling of the stabilizer ball, pro-
pulsion problems (control of thrust or motors), bottom
problems resulting from'fast approach (fouled skegs), and
emergency jettison procedures. Training in emergency procedures
is now limited to academics and actual occurrences. The device
is occasionally used for refresher training but this is vol-
untary. It is recommended that refresher training be made a
formal requirement and incorporated into the formal training
syllabus. It is also recommended that if this device is made
part of a formal syllabus, a continuous graphic plotter should
be substituted for the present end-point plotter. This will be
a significant reinforcement factor during instructor debrief-
ings. It is not necessary for the device instructor to be a
DSV operator. A device technician could serve in this capacity
if given a short-course in training techniques. This is true of
other devices as well. It must be emphasized, however, that in
order to instruct effectively the criteria of successful per-
formance must be well delined in objective terms.

NTEC has proposed a motion platform (pitch and roll) for the DSRV device,
but present use would probably not warrant this addition. It would have to
be justified in terms of training effectiveness and the high cost of opera-
ting the actual vehicle for training. The tandem-TV/submarine-model con-
figuration presently used probably provides the majority of cueb necessary for
vehicle control. Priority should be given to developing a more effective use
of this technique. A similar model has been developed by the Air Force to
teach formation flight skills. It does not provide cockpit (inside) motion,
only outside motion through a TV/aircraft-model interface. Training effective-
ness, safety, and cost benefits have been documented.

More use should be made of mockups, especially for training in cockpit
familiarization, emergency egress, and launching procedures. Using an actual
vehicle for these procedures is both expensive and hazardous. The correct

location of indicators and controls could be easily accompl.shed by using
cardboard or styrofoam mockups. The hazards involved in en.ergency egress from
the actual vehicle is currently an academic topic but training with cardboard
or styrofoam mockups could help prevent injuries during egress practice.
Training could be timed and objective performance criteria could then be es-
tablished. Personnel should practice from different positions in the vehicle
and sime of the later practice trials should be under reduced-light conditions.

Training for launch procedures is currently OJ'. The use of mockups
would reduce the possibility of damaging vehicles. A task-analysis should be
made of the launch procedures and each crew member should be instructed as to
the exact tasks to be performed. This would avoid confusion, overlap, and
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interference. Again, criteria of correct launch performance for each crew
member should be established in objective terms and made available to the
crew as a training goal.

The crew should also be given some instruction in proper lifting tech-
niques in order to avoid back and joint injuries. Instructional materials
in this area have been developed by medical personnel. This material can be
learned in only a few hours without lecture (to conserve medical personnel
for other purposes). Information on handling large objects in negative-g
situations may be helpful in handling the vehicles in water.

Some first-aid training, with speciAl emphasis on potential DSV casualties,
is recommended. Areas covered might include treatment of cuts, sprains,
fractures, and chemical poisonings or burns (casualties involving battery
acids, lithium and barium hydroxides, mercury, and 02). This training covld
be easily accomplished using a programmed text, instead of scarce medical
personnel.

Maintenance training for Navy DSV crew members is currently academic and
OJT, emphasizing 0-1 level maintenance (identification and replacement, not
repair). The Navy TRAGRUs are currently using training panels which permit
some hands-on troubleshooting practice. These panels should shorten the OJT
phase of training. The panels are substantially less expensive than actual
hardware and are designed to simulate several different systems (electrical,
hydraulic, etc.), They have been well received by instructors, and students.
They are also being used by pilots for aircraft familiarization.

MTS has recommended that DSV operators should have training in photographic
techniques. Inasmuch as visual data collection is a primary mission of DSVs,
this recommendation is highly supported. Photographic training should, how-
ever, be specific to oceanographic conditions and the maneuvering character-
istics of the vehicles. Training in controlling the vehicle relative to the
observer port may be in order. Present DSV simulators with TV interface may
be well-suited for this type of training.

The MTS Szudy Group recommended that more team training should be done.
This is highly supported and should involve most phases of DSV operations.
It is especially necessary for launch procedures and observer-pilot interac-
tions. If done properly, it would not only save time but would help to
prevent conflicts arising from task confusion and interference. Team training
should be based on a task-analysis. A time-lapse photography technique similar
to that used on the BEN FRANKLIN (arnd to some extent on SEALAB and TEKTITE)
would be extremely useful in collecting task-analysis data.

The MTS Study Group also recommended that more standardized data be
collected on mission conditions such as depths, turbidity, control problems,
equipment failures, and accidents. These data could then be used in establish-
ing more representativi- mission scenarios for training purposes. Again, this
recommendation is fully supported.
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Although it is recognized that knowledge of vehicle systems (electrical,
hydraulic, and so forth) is necessary for the operators and much of the
crew, some care should be taken to carefully define the conditions under
which those who do not have primary responsibility for systems maintenance
can assume that responsibility. These conditions should be based on ob-
jective performance measures obtaiaed from the above task-analysis. This
procedure will help reduce overlap and unnecessary interference, and should
promote crew motivation and avoid crew conflicts,

The problem of cross-training among DSVs has not been resolved because
data on trainiitg transfer have never been collected on which to base valid
Oecisions. It is therefore proposed that DSVs be used as a testbed for trans-
fer of training researcn. This research would contribute to basic knowledge
in this area and may have immediate application to other hardware systems in
submarines and aviation (especially in systems maintenance). This research,
cannot, however, be accomplished until DSV performance is defined in objective
and measurable terms.

It is also proposed that DSVs be used to research the, performance re-
quirements involved in remote-control operations. The heavy reliance of DSVs
on TV sensing and remotely controlled manipulators provides a rare opportunity
to analyze the sensorimotor parameters that are necessary to operate these
systems effectively. This research would have application to the design and
training characteristics of future RPVs in aviation, as well as other submers-
ible systems.

Requalification of Navy DSV operators is presently controlled under
OPNAVINST 9290.3, which states that recertification is necessary if the pilot-
copilot has not operated a vehicle in more than six months. Data are not
available on performance deterioration among DSV operators, but recent avia-
tion findings show that deficits occur after 30 days. Although it is recognized
that aviator skills are more complex and therefore more susceptible to
deterioration than those of DSV operators, it is nonetheless recommended that
the present recertification period be shortened to not more than 60 days and
preferably 30 days. Also, data should be collected on performance deteriora-
tion so th.at these regulations can be more objectively established.

Summary of training procedures

Current training objectives are not well-defined in terms of measurable
performance. More use should be made of available training technologies to
objectify the DSV training situation and to redesign training programs accord-
ingly. The identification and impLovement of some DSV training problems will
depend on the possible applications to comparable systems. Critical problem
areas include the use of simulators and mockups, maintenance training, crew-
task interactions, cross-training, and training for remote control operations.
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B HUMAN-ENGINEERING EVALUATION OF THE SDL-l: DR. D. ATTWOOD AND
C. McCANN (presented by LT. B. MARTIN, C.F.)

The need for a human-engineering evaluation of SDL-1 was first recog-
nized during a conference held at the Defence & Civil Institute of
Environmental Medicine (DCIEM) during November 1971. The operators of the
submersible reported discomfort caused by extreme cold and inconvenience
caused by restricted vision and poor equipment design and layout. In
August 1972, D.A. Attwood and C. McCann, of the Behavioural Sciences Division
of DCIEM, conducted the evaluation in order to be able to recommend specific
modifications that would improve operator comfort and performance.

Vehicle Description

SDL-I has been based at the Fleet Diving Unit (Atlantic), Halifax, Nova
Scotia, since December 1970. To date its missions have been search, survey,
and salvage. Normal mission time of the submersible is limited to 6-8 hr by
the capacity of the Propulsion System batteties. However, 200 additional
man-hours of emergency life support are provided.

SDL-l is a manned, untethered oubmersible with a diver lock-out capability.
It has a maximum operating depth of 2000 ft (sea wacer) in the 1-atm and a
maximum lock-out depth of 1000 ft (sea water).

The submersible (Fig. liB-l) is approximately 20 ft long, 10 ft wide,

12 ft nigh, and weighs 15 tons in air. The hull is composed of two pressure
spheres and a connectinL tunnel which is surrounded by a tubular frame and
fiberglass fairings (Fig. IIB-2). The forward, or control sphere (CS), is
7 ft in diameter, can accommodate a crew of three, and contains all operation,
control, and monitoring equipment. The rear, or lockout sphere (LOS) is
5 1/2 ft in diameter and is also designed for a three-man crew and their
equipment.

Propulsion and steering are provided by two DC electric thrusters, mounted

on either side of the vessel. Maximum speed is 1 1/2 knots in still water.
Buoyancy is controlled by two separate (water-air) ballast systems: a

hard system and a soft system. In an emergency, positive buoyancy can be

achieved by jettisoning two 350-lb lead drop weights suspended below the
lower battery box. The thrusters and manipulator claws may also be Jettisoned
if they become entangled. Pitch can be controlled by moving the lower battery
box forward or aft.

To perform simple work tasks, SDL-I is equipped with two external electro-
hydraulic manipulators. One manipulator has 3' of freedom while the other
has 60 of freedom.

Scope

This paper summarizes some of the observations made by the DCIEM team
during the 2-week evaluation period. The conclusions drawn are based both
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Fig. IIIB-l. Submersible diver Fig. IIIB-2. Hull-frame assembly.
L lock-out 1.
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Fig. IIIB-3. DCIEM Mockup. Fig. IIIB-4. Placement of viewports.

Fig. IIIB-5. Fi~.ted pilot seating Fig. IIIB-6. DCIEM pilot seating
position. position.
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on human-engineering principles and on practices employed in the design
(of other submersibles. Solutions of some particular problems are dis-
cuosed, and illustrated with the aid of a full-scale static mockup of the
vehicle (Fig. IIIB-3).

Const;rAifts

Critical limitationE in payload, endurance, and work space greatly con--
strain the ocope of the human-engit.ering recommendatious. It is not
feasible, for example, to improve the operating characteristics of the vessel
by adding more weight in the form of new equipment or additional life support
supplies or to make recommendationa that would constitute a drain on the
power supply. The command and lock-out spheres are already crowded with people
and equipment. The limited space which is available must not be wasted with.
unnecessary equipment or inefficient equipment layouts.

MaJor Problems Evaluated

Vision and seating in the control sphere -- Fig. IIIB-4 shows an interior
forward view of the control sphere. The pilot normally uses viewport No.1;

copilot and observer use viewports 2 through 5; the remainder are seldom
used because of poor external lighting.

For the pilot to use the center viewport he must assume the position shown
iil Fig. IIIB-5:kneeling on ti.e deck, supporting himself with one hand on the
hull, and operating the propulsion control with the other. This position not

. only restricts movement, it is also extremely uncomfortable and results in
the pilot and copilot having to change positions frequently.

It is necessary, therefore, to seat the pilot more comfortably. It is
impossible to place him close enough to the viewport to provide adequate
outward vision in the upright position. The addition of visual aiding
systems, either passive with an opti':al viewing system, or active with closed-circuit TV, or relocation of the viewports were too expensive to be considered.

The solution adopted was to seat the pilot with his body forward so that
his weight is distributed over his seat., knees, and chest (Fig. IIIB-6).
Fig. IIB-7 shows a nockup of an early version of this new seating arrange-
ment. By photographing several subjects in various seated positions, body
angles could be calculated and then compared with the recommended limits of
extension and flexion for separate body components. In this way a variety of
seated positions were evaluated and the best chosen. The final result is shown
in Fig. IIB-8, as installed in the mockup.

The copilot and observer seating positions are possibly even worse than
that of the pilot. They require the occupants to assume a prone position on
either side of the pilot to look through the lower viewports (Fig. IIIB-9).
The problems associated with these fitted benches are severe neck angles and
fatigue resulting from the body being supported by a firm surface.
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A review of research on the prone position in flying done in the early
1950's was made, and it was learned that Clark et al., at Wright Patterson
AFB, had demonstrated that hammock supports could reduce fatigue caused by
body excursions on a hard surface by a factor cf 10, enabling pilots to
maintain a prone position for up to 2 hours at a time. Consequently, a
hammock-like support was designed and fitted in the mockup (Fig. IIB-10).
The torso support was angled downward enough to decrease neck angle, but not
enough to create lower-back discomfort.

Controls and displays -- Another major problem area in the design of SDL-1
was that of controls and displays (C/D's). The information requirements of
the pilot and copilot were identified, then considered in relation to the
fitted instrumentation. The table on the left of Fig. IIIB-11 lists the
C/D's that are required by the pilot. The sketch illustrates that location of
each C/D he is provided. The comparison indicates that:

- Mr:y C/D's are poorly laid out. For example, pitch and
roll inclinometers are located behind the pilot.

- Many are poorly designed. For example, the depth gauge
is poorly lighted and difficult to read because of fine
graduations; also, propulsion controls require two hands
to operate.

- Many C/D's are missing. For example, no surface vision
is available and no information on trimbox position is
provided.

In addition, Fig. IIIB-Il demonstrates that the C/D's the pilot needs are
scattered Lhroughout the control sphere.

To solve these problems, new C/D's were designed to provide new information
and control factors; old C/D's were redesigned; and all controls were grouped
into two panels. The display panel located on the p',rt side (Fig. IIIB-12)
contains the following displays: pitch indicators, trim box position indi-
cators, depth display, and ballast-tank content displays. The main patel,
wh'-h is located on the pilots chest rest (Fig. IIIB-8), contains: dis-
pLays for surface vision that include a CCTV console and controls, redesigned
propulsion controls that allow one-hand operation, motor-status lights, ballast
controls, heading information (gyro repeater), propulsion and'ballast motor-
overload lights, and roll and pitch lights.

Design and layout of the Life Support System C/D's constitutes another major
problem. This instrumentation is very complex, with over 200 C/D's in the
control sphere alone (Fig. IIIB-13). Although there are distinct subsystems
(for example, oxygen, LOS pressurization, and LOS depressurization) and dis-
tinct functions for the C/D's within subsystems, they are not readily apparent
in the layout. In order to simplify the identification and recognition of
subsystems and C/D's within them, all subsystems were distinctly separated in-
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to functiou groups, and color-coded where possible. Within subsystems,
C/D's were laid out in order of sequence of use. Also, controls were
shape-coded according to function (Fig. 1IIB-14).

Displays were also redesigned: they were reduced in size without sacri-
ficing information; bezels were color-coded by subsystem; and critical
displays were designed to be illuminated in the event of power failure
by beta lighting (a radioactive light source) on numbers, graduations, and
pointers.

Layout and design of electrical-electroiLc system C/D's presented similar
problems. lor example, in Fig. IIIB-15 the breakers go up for "off" on
the top row but down for "off" on the lower one. In Fig. IIIB-16 there is
no label on the hard-ballast display. Also, controls are poorly grouped.

Fifs. IIIB-17 and IIIB-18 illustrate the redesigned C/D's for the
electrical-electronic system. Once again, they are separated into functional
groups and laid out in order of sequence of use.

Conclusions

This paper discusses some of the results " a Human-Engineering Evaluation
of the SDL-l and presents improvements in desibn and layout of operator
seating and in controls and displays associated with some aspects of vehicle
operation. The redesign represents a great improvement over the original
version. Action is being taken in the format o' a product Improvement
program where the most critical modifications are being considered first.

I

111-14

..................



II

UA L

Fig. IIIB-1.3. Fitted life Fig. IIIB-l4. DrTEM life support
support control- control displays.
displays.

Imm

IFig. IIIB-15. Fitted breaker panel Fig. IIIB-16. Fitted breaker panel
120 VDC. 12/28 VDC.

Fig. TIIB-17. DCTEM breaker panel. Fig~. IIIB-18. DCIEM electronic-electric
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SUMMARY OF DISCUSSION

The question oi free-ascent training for DSV operators was raised. The
point was made that most divers are not trained in free ascent and that the
hazards associated with this procedure are such that it should be dropped
as a standard training procedure. It was considered more important to
get escape procedures established and related to the crew than to train in
a hazardous environment.

Discussion of available, standard education and training aids within the
US Navy for DSV application was held. It was felt that such equipment does
exist and could be utilized to this end. One example is the crises-analysis
test for screening DSV crew members. This is a 40-50 item questionnaire
withing a standard format. Answers indicate the likelihood of specific
types of bvhavior on the part of the candidate, some of which may lead to
accidents. The questions are quite standard and can be given prior to a
routine annual physical. When indicated, a follow-up interview by a physician
can be held to predict stressful behavior. The psychiatric interview
procedures currently in use are extremely vague and ambiguous. The MTS
psychiatric interview is a limited screening effort which does not threaten
the operator.

The use of existing US Navy DSV training devices in the area of behavioral I
research was reviewed. It was felt that their use might be desirable, but
some apprehension was voiced by non-Navy personnel as to the added rr'quire-
ments which might be generaced. It was felt that stricter certification
requirements could spill over from the Navy to private industry and further
constrain their activity.

The question of age was discussed. At present, the more complex boats
are driven by older men, some in their 50's. It was felt that as the missions
of the boats change, so will age of the pilots. With longer dives of greater
frequency and rt.sk, younger mlen will be required. While all dives start out
routinely, they may become prolonged due to accident or malfunction. A
different set of problems, particularly with older men involved, might re-
sult.

The general opinion was that a good pilot need not necessarily be Navy
submarine qualified. The point was also made that qualified DSV pilots
should be able to remain in this type of duty for longer periods of time
without endangering their careers. The Canadians have attempted to solve
this problem of rotation by using divers as pilots and crew members thereby
combining both of these subspecialties within the submersible work area. The
confidence level of the overall system appears to be upgraded by the knowledge
that the operators appreciate the lock-out divers' problems by having also
been out there themselves. This system of rotation makes for a fairly good
career pattern, and results in a higher lever of expertise. It was suggested,
however, that in sophisticated vehicles like DEEP QUEST, divers may r be
able to handle the extremely complex systems.
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There is a common complaint among divers in the US Navy that they do not
have the opportunity to work in their rate. It is wvel-known that ad-
vancement through the rating structure is dependent on rating proficiency.
Therefore submersibles may be more attractive to divers because it may give
them a chance to work in rate.

The needs of this specialty area dictate the employment of young, ex-
perienced people who are career oriented and have training in confined
spaces. At present the submarine force represents a pool from which to draw.
With the current energy-resource search around the world, a proliferation
of submersible and diving systems is taking place. Tho level of experience
and training of the people who will run and maintain these systems will

F probably be much lower than in the systems used in the recent past.

The general impression of the commercial diving industry which involves
diver-sub operations was that insufficient time is given to emergency
training. An assessment should be made of the kinds of training needed, the
amount of refresher training needed, and *the type of physical fitness needed.

No formal program in the US Navy or industry exists to ensure that such
training occurs. The Canadian Forces test their people periodically to
monitor the level of their conditioning. If they do not measure up or
maintain the proper level, they are given compulsory physical education until
they do.
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CONCLUS IONS AND RECOMMENDATIONS

1. Many deep submergence vehicles have~ been designed and fabricated with
a limited approach in the area of human engineering.

2. To avoid the :inconvenience and hazards caused by restricted vision
and poor equipment design and layout, human engineering evaluations
should routinely be conducted on all existing and future proposed deep-
submergence vehicles. t

* 3. Standard concepts of training and education should be integrated into
the deep submergence vehicle field to avoid the chance assembly of cur-
riculum materials by personnel who are operationally experienced, but
untrained as educators.

4. Free-ascent training should be discouraged particularly for the small
aubmersible operator.

5. Deep submergence vehicle systems represe.at unique environments in
which valuable behavioral data can be collected.

6. As vehicle missions become longer, more frequent, and more hazardous,I younger persons will be required.

7. The requirement that a submersible pilot be a Navy-qualified submariner

should be dropped. Divers should be considered for integration into these
syste.ms, particularly if they are lock-out boats.

8. Physical conditioning should be a vital part of the overall training

appropriate level maintained.I

9. An assessment should be made of the kinds of emer-gency training needed,
the frequency of repetition, and the use of teaching aids.

10. Procedures and standards for both the Navy and civilian DSV communitiesI

are often not well-defined or regulated. Techniques presently used in
selecting for comparable situations could be applied to DSV personnel sel-
ection.

11. DSV operations could serve as a testbed for additional psychological
screening and selection techniques for the mutual benefit of both the DSVs
and related systems. Research problems might include the psychological
effects of isolation, small group interactions, fatigue, visual-perceptual
abilities, and performanca (control) effects related to vestibular dis-
turbances.

12. Current training objectives are not well-defined in terms of measurable
performance.
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13. More use should be made of available training technologies to objectify [
the DSV training situation, and LO redesign training programs.

14. The identification and improvement of some DSV training problems will
depend on the degree to which such efforts can be applied to other
comparable systemc.

15. Critical training problem areas include the use of simulators and mock-
"ups, maintenance training, crew-task interactions, cross training, and
training for remote-control operations.

I9
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SESSION IV: UNIQUE VEHICLES

'A. DIVERSUBS, AN OVERVIEW: DR4 J. MacINNIS

In .967 an unusual small submersible was launched in the United States.
DEEP DIVER, a lock-out submersible or diversub, was the world's first ve-
h-ile built expressly for transporting divers to the deep edge of the conti-
nental shelf. Since that time four additional diversubs have been constructed
and eight others are in various stages of planning, lay-up, or construction.
Future support of manned undersea activities will include an increasing number
of diversubs. Accelerated interest in deep commercial and scientific ciera-
tions insures the development of larger diversubs having longer duration.
It is likely that a combination of diversub and the articulated armored suit
will be developed in the near future to overcome the physiological limits of
deep diving man.

Background

This paper is a review of the concepts that led to the development of the
ilol.--out submersible or diversub. The primary framework of the conceptual
progression is given Fig. IVA-l.

DIVERSUBS: AN OVERVIEW

HUMAN FUNCTION 'ON DRY LAND

THE OCEAN ENVIRONMENT

OCEAN INHIBITORS

"HUMAN FUNCTION UNDERWATER

LIFE SUPPORT REQUIREMENTS

DESIGN CRITERIA

OPERATIONAL DIVERSUBS

OPERATIONAL LIMITS

THE FUTURE

Fig. IVA-1. Diversubs: an overview.
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Man has operated his sensory and motor modalities more or less successfully
V • on dry land for thousands of years. Until recently, the seVere physical, chemi-

cal, and biological hazards of the ocean environment have prevented him from
making deep and prolonged excursions into the sea. In the last decade with
the advent of deep, short-duration, and saturation diving, the array of ocean
inhibitors or stressors has been clearly demarcated. Repeated laboratory and
open-sea exposures, particularly in Europe and North America, attempted to
overcome the multiple obstacles that exist. All of the programs which measured
human physiology and performance concurred that man's performance underwater
is rarely as efficient as it is on the surface. Its decrement is a function
of depth, darkness, heat loss, and many other factors.

A series of life-support and work-support requirements have been drawn
up to support man beneath the sea. One of the most effective systems, to be
designed to meet these requirements is the diversub. It was designed to ex-
tend the capability of the submersible decompression chamber and to allow the
diver transportation to and from the work site.

HUMAN FUNCTION ON DRY LAND

CEREBRAL
Sensory interpretationSCortical integration

S'/ Intellectual
SNR . Emotional

SSENSORY MOTOR
Vision ' Multiple muscular1. Hearing movements
Cutaneous '2 in 1 ATA environment
Kinesthetic
Taste
Smell

PERFORMANCE OF WORK

Fig. IVA-2. Human function on dry land.

Some highlights sr human function on dry land are found in Fig. IVA-2.
All students of physiology understand the complex mechanisms and interactions
that occur betaveen sensory and motor modalities. A major difference between
land and sea is that work tasks on land are part of active responses developed
over centuries of time. Only in the past 10 years have humans worked deep
within the sea for prolonged periods. There is much to learn about improving
performance adaptation.

Several reasons for the inefficiency of manned underwater performance are
seen in Fig. IVA-3. Problems of temperature, density, currents, darkness,
and pressure have been studied for decades. Recent underwater activities in
the polar regions force the acceptance of even greater decrements in under-
water performance. Elements such as wind, snow, and ice severely constrict
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THE OCEAN ENVIRONMENT

WIND RAIN' SNOW HAIL

SEA- STATE ICE

TEMPERATURE
D ENSITY

CUPRENTS
DARKNESS

PRESSURE
MARINE LIFE

SEDIMENTS
BUOYANCY

BOTTOM CONDITIONS

Fig. IVA-3. The ocean environment.

performance, exerting continuous and significant demands in 'atigue and
anxiety.

The factors inhibiting successful human performance beneath the sea are
attributable to the water and gas which surround and contain the diver
(Fig. IVA-4). Exposure to water leads to cold, decreased mobility, and fa-
tigue. It also leads to decreased acuity, voice communication, muscle power,
touch, and cerebration. Exposure to breathing gas mixtures leads to in-
creased respiratory work, speech impairment, cold, narcosis, and, at greater
depths, the high pressure nervous syndrome. In addition it can lead to
that most protean of underwater problems, dysbarism.

'2 The First Diversub

The overwhelming nature of ocean inhibitors and man's diminished per-
formance when exposed to them led to the 1962 development of Edwin Link's
submersible decompression chamber or SDC. Five years later Link's dissatis-
faction with the restrictnd two-dimensional mobility of the SDC led to the
construction of DEEP DIVER, the world's fiest operational diversub.

When considering the support requirements for this and the other diversubs
which were to follow, both life support and work support had to be considered.
(See Fig. IVA-5). Life support means strict control of breathing gas, diving
compartment temperature, diver communication, and all aspects of refuge such
as egress from and entry into the diving compartment. The objective of life

-support is to decrease life threatening situations and to minimize stress.
Diminishing diver anxiety means a parallel decrease in accident potential.

Another major consideration is work support. Attention must be given
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OCEAN INHIBITORS

WATER GAS

INCREASED INCREASED
Cold Respiratory work
Fatigue Speech impairment
Mobility Cold

Narcosis
H.P.N.S

DECREASED Dysbarism
Visual acuity
Communication
Muscle power
Touch
Smell -Taste
Cerebration

DECREASED WORK PERFORMANCE N

Fig. IVA-4. Ocean inhibitors.

to the ease of transport to the dive site, the ability to "light" the work

area and the O'evelopment of exterior and interior television and camera sys-

tems to document the work in process. Other work support systems, such as

manipulators, water jets, and coring and cutting systems soon evolved. To-

day, one of the most important functions of diversubs is the rapid and

effective survey of sea-floor pipe lines.

DIVERSUB: SUPPORT REQUIREMENTS

LIFE SUPPORT DECREASE
Gas Threats to ife
Temperature Stress

Communication Accidents
Reh gJe Anxiety

WORK SUPPORT INCREASE
Transport Safety
Lighting Environmental
Document Control

Manipulate Confidence
Jet

Fig. IVA-5. Diversub: support requirements.

Some design criteria for diversubs are listed in Fig. IVA-6. Life support
for divers focuses on several factors. Primary among these is oxygen partial

pressure which, depending on the nature of the dive, can range between 0.3
to 1.2 ATA. The capability to deliver 100% oxygen is often required for the
last phases of decompression. Carbon dioxide levels are usually maintained

IV-4



at levels less than 7 mm of HG. Specific control analysis and display of
this in'ormation will be dealt with in another paper in this symposium. To
date, the only background gas used in diversubs has been nitrogen and helium.

t It" is likely that future open-sea operations will be conducted using hydrogen
and neon. In the past, good diver to pilot communication has existed in all
diversubs. Analysis of recent activities suggests that consideration should
be given to installing direct diver-to-surface communication in the event of
a malfunction of the forward communications link.

DIVERSUB: DESIGN CRITERIA

LIFE SUPPORT

02 0,3- 1.2 ATA & 100.
CO 2  < 7rm Hg
Inert gas N2  • He
Fire zontrol
Communication diver pilot -surface
Temperature r ý.-mal skin and core

WORK SUPPORT
Proximetry to site
Carrying capacity
Lighting
Manipulator
Jetting
Tools

Documentation

FIg. IVA-6. Diversub: design criteria.

Power and payload limitations mean that one of the most serious life sup-
port problems is to maintain an adequate temperature within the diving com-
partment. The most common complaint from divers during operations conducted
from diversubs is that of cold. At present, existing insulation and power
capability are not adequate to heat the entire eater compartment, but atten-
tion must be directed to providing sufficient energy to the diver's suit
and/or his breathing apparatus. It is an area meriting serious engineeringresearch.

Operational diversubs 1974

A list of operational and planned diversubs is found in Table IVA-I.

SHELF DIVER, fabricated by Perry in the United States, was constructed in
1968. It has carried out niore lock-out dives than all of the other diversubs,
transporting &, payload of 1000 lb or two divers and their supporting gear to
a maximum deptii of 800 ft. It has worked extensively in tropic and temperate
waters around the world.

SDL-1 was fabricated in 1971 by Hyco for the Canadian Maritime Forces.
Presently it is depth-limited to 150 ft for lock-out dives. With the
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anticipated arrival of the deck decompression chamber complex, SDL-I will be
rble to support lock-out dives to 1000 ft. It is currently based in Halifax
where it is undergoing a series of tests and operational dives.

The JOHNSON-SEA-LINK is operated by the Harbor Brancb Foundation in the
United States. It was built in 1972 and has carried out'approximately 150
lock-out dives to date. This diversub has a mazimum depth capability of 1200
ft with a oayload of two divers or 1000 lb. Its most important feature is

Table IVA-l. Diversubs: 1974

MAX.
FIRST NUMBER DIVER
DIVE OF DIVES DEPTH PAYLOAD

(FEET) (LBS)

SHELF-DIVER U. S. 1968 S00 800 1,000

SDL-1 CANADA 1971 250 1,000 2,500

SEA-LINK U. S. 1972 150 1,200 1,000

VOL-L1 U. K. 1973 50 1,200 2,000

DEEP DIVER U. S. 1967 500 1,250 1,500

PC-17 U. S. 1976 2,000 1,500

TAURUS CANADA 1976 1,200 4,000

PH 66 ITALY 1977 1,000

URF SWEDEN 1977 1,000

UNNA•ED JAPAN 1978 1,000

ARGYRONETE FRANCE 2,000

TINRO I USSR

that it allows a panoraii-c view from the forward sphere. The rest of the
vessel, except for the viewports in the after sphere, is made of aluminum.

The VOL-LI was constructed by Perry for Vickers Oceanautics in the U. K.
Built in 1973, it has, by 1974, carri'd out some 50 lock-out dives. It has
a 1200 ft depth capability and a payload of 2000 lb. It will be used exten-
sively in the North Sea for pipe line survey and inspection.

There are eight diversubs in the planning or inoperative stages. DEEP
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DIVER has served its owners since 1968 and is being turned over to the
Smithsonian Institution in Washington. PC-17 is planned by Perry for deli-
very in 1976. It will have a maximum depth of 2000 ft and a payload of 1500
lb. TAURUS is planned by Hyco for 1976. It will have a depth capability of
1200 ft and a payload of 4000 lb. SSOS in Italy has plans to operate a diver-
sub called PH 66 in 1977. It-is an unusual vessel and is designed to carry
seven divers for 7 days over a 400-mile range. Present engineering efforts
are concentrated on providing a closed-circuit diesel power plant. This
diversub will have an operating depth of 1000 ft.

The Swedish Navy plans to launch its undersea rescue vehicle URF in 1977.
Its function is primarily to provide rescue for 26 men. However, this diver-
sub has the capability of carrying two lock-out divers to a depth of 1000 ft.
It is being designed and built by COMEX and KOCKUMS. As part of its ocean
science and technology program, Japan plans to launch a diversub in 1978.
This as yet unnamed vessel will have a maximum lock-out depth of 1000 ft.
Construction of the French ARGYRONETE was started in the last decade and
halted due to lack of funds. It is a large diversub with a lock-out depth
of 2000 ft. There are no plans to continue construction. Although details
are sketchy the Russians appear to be planning a submersible with the name
of TINRO I. At the time of writing the lock-out capability of this vessel
was still in question.

An outline of some operational limits is given in Fig. IVA-7.

OPERATIONAL LIMITS

DEPH-'

• DURATIONDIVERS,

PAYLOAD

TEMPERATURE CONTROL
DECK CHAMBER

LAUNCH AND RECOVERY

POWER
SUPPORT VESSEL

Fig. IVA-7. Operational limits.

The deepest lock-out dive to date has been a 700-ft, 30-min excursion made
from DEEP DIVER in 1968. Current lock-out depths average less than 300 ft.
However, it is liik' y that depths of 1000 to 1500 ft will be commonplace with-
in the next 5 years. The biggest constraint on diversubs relates to their
limited energy payload. Limited power output constricts both speed and dura-
tion. All vehicles have so far been equipped with lead acid batteries, but
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consideration is be. ng given to more exotic designs such as fuel cells and
closed circuit diesel systems.

In the near term, it is likely that d&versubs will carry only two divers.
Manned undersea work indicates that paired teams are optimal for most deep
work objectives. As mentioned before, temperature control of the diving
chamber is one of the most seriously limiting obstacles.

Diversub operations are greatly extended with the addition of a surface
chamber. Canada's SDL-I is an example of a severely constrained diversub
awaiting a deck chamber to enlarge its capability. It has long been recog-
nized that a diversub by itself is only part of a complete system. The sup-
port vessel and its launch and recovery system must operate as an integrated
unit. Again, the SDL-I is an example of a diversub urgently requiring an
adequate surface support vessel and launch and recovery system.

The Future

Some possible future trends of diversubo are indicated in Fig. IVA-8.

THE FUTURE

DIVERSUB (DEEP DIVER)

SDC 
ADS
D V DIVING BELLS

"DIVERSUBS

CONTINENTAL SLOPE DEPTHS DIVERSUB

POLAR REGIONS & PS"JIM

LONG DURATION ( Ji HUMAN LIMITS

Fig. IVA-8. The future of diversubs.

Follo, ing the development of the submersible decompression chamber in 1962,
a modification called the Advanced Diving System (ADS) was made by Ocean
Systems. The basic design of this spherical chamber was married to a sub-
marine hull and become the prototype diversub DEEP DIVER, which began opera-
tions in 1967. By 1968 it had demonstrated that the diversub could support
working men to depths of 700 ft. During this same period, diving bells
(which now number in excess of 250) were being widely manufactured. The paral-
lel success of DEEP DIVER spawned the development of several other diversubs.

Ii
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The future evolution of diversubs will be affected by several factors.
One of the most important is the work undertaken to determine the psychophy-
siological limits of man under pressure. Indications are that somewhere be-
tween 2000 and 3000 ft, the human system will be incapable of effective work.
Others have argued that the cost-benefit of the working diver at these depths
will preclude his use.

Another influence on the future of diversubs is the development of the
anthropomorphic submarine or 1-atm diving suit, known as JIM. It is this
author's opinion that a diversub will be developed that will transport JIM,
or some future kin, into the ocean depths.

Whatever the design and operation of tomorrow's diversubs, it is certain
that these novel systems will be built in increasing numbers for greater
depths and duration. They will continue to operate in support of commercial
diving operations related to oil and gas and will be built to operate beneath
the polar ice. There will be an increasing call on diversubs to support
marine science studies.
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B. CANADIAN FORCES (SUBMERSIBLE DIVER LOCKOUT ONE): iLDR J. COLE, CF

SDL-1 is owned by the Canadian Armed Forces and operated by the SDL Detach-
ment of the Fleet Diving Unit Atlantic from Halifax, Nova Scotia. SDL-l is
certified to operate to a maximum depth of 2000 ft and is constructed to pro-
vide a 1000-ft diver lock-out capability. At present lock-out diving is
limited to 150 ft due to the lack if a deck decompression complex. However,
a fully equipped deep-diving tender designed to act as the support ship for
SDL-l is nearing completion.

The submersible consists of the control sphere, connecting tunnel, and the
lock-out sphere. It is 25.ft long, 10 ft in beam, 12 ft high and weighs
30,000 lb. Life support is sufficient for 204 man hours. All external equip-
ment such as the torpedo claw, manipulator arm, lead ballast weights, and even
the thruster motors are jettisonable. SDL-l is road and sea transportable
and air transportable via Hercules aircraft. Launch and recovery is condicted
using a surface swinmmer who disconnects/connects a snap hook to the main lift-
ing frame just aft of the sail.

Pressurization of the lock-out sphere can be done either by the diving
supervisor in the lock-out sphere or by the copilot in the control sphere.
When the lock-out sphere reaches ambient pressure the lower hatch opens.
The divers then fill soft ballast tanks with seawater making the lock-out
sphere 400 lb negatively buoyant. The first diver steps out and attempts to
lift the submersible. If unable to, he grasps his umbilical hose and connects
up. Leaving the sphere, the diver uncoils his umbilical hose and proceeds to
his work, which is in front of and illuminated by the control sphere. Cur-
rently we use the Bandmask and Unisuit with the SUBCOM Round Robin communica-
tions equipment.

The most important components of SDL-l are: Biomarine 02 monitor controller
104; Biomarine 02 sensors; Airco CO2 scrubbers using Dragasorb; Drager and
Beckman Minos CO2 monitors; 120V, 12V, and 28V power supplies and inverters;
Amtrek Straza underwater telephone with TIPE option (transponder, interogator,
pinger, echo sounder); directional aircraft gyro; Wesmar Sonar for collision
avoidance and &earch; Ross echo sounder; 4 quartz iodine lights.

Despite Lhe lack of a permanent support vessel SDL-l has successfully re-
covered three military aircraft and considerable research equipment. The most
interesting task was the intact recovery of an Avenger aircraft discovered
unexpectedly during a routine training dive. The aircraft had been ditched si
20 years earlier and was found in 240 ft of water. Steel claws were devised
to clamp onto the three blades of the propeller. The claws, attached to a
single recovery ring, distributed tLe strain equally to the three blades.
Each claw was spring-loeded and was designed to snap Efhut when placed against
the propeller hub. A single noose was devised for the arrestor hook. The
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aircraft was raised to the surface where additional lines were secured and
then hoisted on deck. The Avenger is currently being restoied as a histo-
rical display.

To date our most difficult task has been the recovery of a Sea King heli-
copter from a depth of 660 ft. When located, 30 miles off the coast, it was
found to be lying upside down. A recovery sling and clamps were devised and
placed on the wheel sponsons. Taking the lift line down on our reel--a home-
made atcachment used in lieu of our torpedo claw--it was secured to the re-
covery sling. As the SDL-l returned to the surface the lift line unreeled and
was passed to the barge. The helo was then hoisted onboard.

With our new deep-diving tender, operations can be conducted to ever
increasing depths on the ocean floor utilizing saturation diving techniques
and the deck decompression complex. This may even include working with under-
sea habitats on the continental shelf.

i1
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C. U. S. NAVY DEEP SUBMERGENCE RESCUE VEHICLE: LCDR K. GREENE, MC, USN

The primary mission of the Deep Submergence Rescue Vehicle (DSRV) is to
provide a quick-reaction capability to rescue personnel from a disabled
submarine. The U. S. Navy Deep Submergence Rescue System includes two DSRVs,
a Rescue Unit Homeport (in Saa Diego), two ASR-21 Class Submarine Rescue Ships,
and a number of specifically configured Mother Submarines. The two DSRVs are
currently undergoing their operational and technical evaluation At Submarine
Development Group One. The prime contractor for the DSRV is the Lockheed
Missiles and Space Company.

Briefly, the Rescue System functions aq follows: upon receipt of deploy-
ment orders, the DSRV is transported from the Homeport to the designated
support ship, either directly by land on its Land Transport Vehicle or via
C-141 military aircraft. Upon arrival at the designated port nearest the
location of the distressed submarine, the D3RV and its support equipment are
loaded aboard a Mother Submarine, ASR, or ship of opportunity. Upon reach-
ing the rescue site aboard the support ship, the DSRV is launched, piloted
to the distressed submarine, and mated to the escape hatch, in as many round
trips as necessary to remove all survivors and deliver them to the support
ship. When operating with the ASR, personnel exit takes place with the DSRV
hoisted aboard. With a Mother Submarine, the rescuees and the crew transfer
into the forward room through the escape hatch in a submerged mating similar
to the rescue mating.

The DSRV can carry up to 24 rpscuees at one time. Thus the rescue of the
entire crew of a large nuclear submarine could require as many as seven or
more trips. Each round trip would require several hours plus an hour or
more turnaround time at the support ship for battery charging, life support
replenishment, and reballasting. The DSRV can mate with most modern submarines.
The exact requirements for compatible mating surfaces have been distributed to
interested foreign navies. Mating can be accomllished at angles of up to 450.

-Vehicle Description

IVC-l illustrates the general configuration of the vehicle; specifications
are summarized in Table IVC-l. The pressure hull consists of three intercon-
nected 90" speres of HY-140 steel, with an operating depth rating of 5000 fsw.
A free-flooding fiberglass fairing covers the pressure hull and external equip-
ment such as batteries, hydraulic systems, and ballast systems. Syntactic
foam sections are contained under this "skin" to add buoyancy. The principal
load-bearing structure is a framework of titanium and aluminium members. Total
submerged displacement is 75,000 lb. Length overall is 49.3 ft.

Electrical power is provided by two 112-V silver-zinc batteries, plus a
28-V emergency battery. The main batteries are rated at 58 kilowatt-hours
at a 5-hr rate and are sufficient for 5 or more hours of normal submerged
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operations. Cruising power for speeds up to 4.1 knots is provided by tre main
propulsion unit with a three-bladed propeller. Tha steering shroud controls
both yaw and pitch. At low speeds, four ducted thruster units are used to
achieve control of yaw, pitch, heave, and sway. The DSRV can hover in currents
up to 1 knot athwartships. The sixth degree of freedom, roll, is controlled
by a mercury ballast system, which can also be used to set and hold angles of
pitch up to 450.
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Fig. IVC-I. DSRV configuration (from Preliminary technical manual for
DSRV vehicle subsystem).

!The main ballast system provides 6400 lb of bi ,cy for surface operation.
SA hard-tank variable ballast system is used to c, nsate for depth-induced

changes in buoyancy, This. system utilizes a hydr&aulic-powered high pressure
pump. The transfer ballast system is another hard-tank system which accepts
the water pumped from the transfer skirt during the mating operation. A trim
and list system containing about 3000 lb of mercury is used to establish and
hold angles of roll or pitch up to 45°. The entire contents of the mercury
system can be jettisoned for emergency deballasting in the event ot hard-tank
flooding in one of the other ballast systems, Finally, seven collapsible
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containers inside the mid and aft pressure spheres hold 4080 lb ofwater.
A quantity of this water is drained into the disabled submarine to compen-
sate for the weight of the rescuees accepted.

Table IVC-l. DSRV characteristics
(ftiom Preliminary technical manual for DSRV vehicle subsystem).

Displacement (submerged) 75,750 lbs.
Length overall 49 ft. 4 in.
Outer hull diameter 8 ft. 2 in.
Heigth (with skirt) 11 ft. 8 in.
Pressure hull:

Three spheres, each 7 ft. 8 in. O.D.
Basic membrane thickness 0.738. in.
Personnel capacity:

Control sphere 2
Mid sphere 13
Aft sphere 13

Depth rating 5000 fsw
Internal pressure capability:

Control sphere 0.8 to 3.7 ATA
SRescuee spheres 0.8 to 5.0 ATA

Vehicle speed:
Cruise 4.1 knots
Towed 5 knots (max.)
"Piggyback" on Mother Sub, submerged 15 knots

S~Ballast:
Main 6400 lbs.
Variable 1400 lbs.
Transfer 5664 lbs.
Rescuee 4080 lbs.
Mercury 2918 lbs. (DSRV-1)

2710 lbs. (DSRV-2)

The elaborate navigation and sens•t systems are designed to provide accu-
rate position keeping, and both long- and short-range search and obstacle
avoidance capability. Navigation data are processed by a computer system and
and presented at the Integrated Control and Display Panel. Navigation input
is received from an inertial navigator, Doppler sonar, depth transducers, and
tracking transponders. Horizontal obstacle avoidance sonar is also used,
along with pan-and-tilt television cameras and viewport vision wich remote
optics.

The underwater mating system allows the transfer of rescuees from the
distressed submarine to the midsphere of the DSRV. The final approach to the
forward or after escape hatch is aided by a short-range sonar and TV camera
located in the Lcansfer skirt. A hydraulically damp2d and retractable shock
mitigation ring protects the skirt mating surface from collision damage.
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If the mating surface is fouled, a watt; jet and grip device on the hydrauli-
cally actuated manipulator may be used to clear it. A cable cutter is used
to remove the messenger buoy cable which would be attached to most escape
hatches. When a firm seat is established, a sea water pump in the skirt cre-
ates a 15-psi differential pressure between the skirt and the sea to make the
seal. Skirt pressure is then equalized with the transfer ballast tanks (at
1 ATA) and the air in the tanks is exchanged by 'a pump for the water in the
skirt. Then the full sea pressure of the depth holds the transfer skirt
against the hull surface around the escape hatch. Four hold-down turnbuckles
may be used for added security in shallow rescues or for the transfer to the
Mother Submarine.

After discharge of the rescuee ballast and the transfer of up to 24 persons
(weighing up to 4080 lb), and after closing both the DSRV and submarine hatches,
the transfer ballast is pumped back into the skirt. The skirt pressure is
then equalized to sea to allow the seal to be broken. The DSRV transfers the
rescuees to the Mother Submarine by a repeat of the mating process or, if the
support ship is an ASR, release them on ceck. Resupply and recharging of the
DSRV can also be carried out by either method.

The streamlined form of the DSRV protects against fouling and entrapment.
The manipulator and pan-and-tilt units can be jettisoned by pyrotechnic de-
vices if entangled.

Medical Considerations

Because the DSRV may carry as many as 28 persons, the life support re-
quirements are formidable. Each sphere has an independent system. The ccm-
partment atmosphere is circulated by blowers through heat exchangers and
scrubber canisters. In the mid and aft spheres, heat is dissipated through
heat exchangers bonded to the internal surface of the hull, which is other-
wise fully insulated. Condensate is collected from these exchangers, and an
auxiliary portable dehumidifier is also provided. In cold water operations,
heat may be added by electrical resistance heaters. In the control sphere,
where electrical equipment heat load is great, a separate circulation and
heat exchange system cools the equipment. A self-contained freon refrigera-
tion unit boosts the capacity of this system.

Oxygen is stored in 380-cubic inch, 3000-psi, removable tanks. It is re-
duced to 10 psi over compartment pressure and added to the atmosphere either
automatically or manually. Polarographic PO2 sensors are used to monitor and
control this system. The set point for the automatic mode is 160 mm Hg ± 20;
high and low alarms are provided. Carbon dioxide removal depends on scrubbing
the atmosphere through disposable cartridges containing 4 db of pelletizednc b
lithium hydroxide plus activated charcoal and filter material. The control
sphere system uses two cartridges in parallel; the mJ and aft spheres each
use three. Carbon dioxide partial pressure is nominally kept below 6 mm Hg
and is monitored with polarographic sensors. At compartment internal pres-
sure up to 5 ATA, decreased blower sufficiency may theoretically cause a rise
to 12 mm Hg (Li and Sudolnik 1970).
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The mission of the DSRV requires an elaborate emergency breathing system
(EBS) because of the number of passengers, the likelihood of sharing a con-
taminated atmosphere with the distressed submarine, and the potential for
operating at positive pressure. The control and rescuee spheres each have
independent but similar systems. The EBS is of closed-circuit design using
nitrogen as the diluent gas. The total system pressure is kept at 2 inches
of water over ambient to minimize contamination. Oxygen partial pressure is
automatically or manually made up to 160 mm Hg ± 20, as measured by polaro-
graphic sensors. Sensors also monitor PCO2 system incorporates double-hose,
full-face masks, breathing bags in the manifolds, and the same type of LIOH
cartridges as the compartment atmosphere system. The control sphere EBS uses
one cartridge; each of the rescuee spheres has two. At increased compartment
pressure, the EBS is maintained normoxic by addition of nitrogen from a
3000-psi tank. The design enables 28 persons to breathe on the EBS with mini-.
mal rise of compartmaent pressure by mask leakage. In a 2-hour test with 13

men breathing on che EBS in the aft sphere, compartment pressure increased
by less than 2 psi (Lockheed Missiles and Space Co. 1971). The use of an
open-circuit system in this setting would theoretically have increased the
compartment pressure to 3.5 ATA or more.

With only the pilot and copilot aboard, the entire vehicle's supply of
02 and LIOH would provide them with an endurance of 2 weeks. A full load
of 24 rescuees plus the mid and aft sphere crewmen would add 26 men, and
this defines the minimal endurance of the life support systems. Tables
IVC-2 and IVC-3 list oxygen supply and C02 -scrubbing capacity data. The
contractor specifies a nominal 24 man-hours for each 45-scf oxygen tank
(Preliminary Technical Manual for DSRV Vehicle Subsystem 1970, Li and
Sudolnik 1970). This corresponds to an oxygen consumption rate of about

Table IVC-2.
Oxygen supply available in the control, mid, and aft spheres

OXYGEN SUPPLY

Control Mid Aft

02 (scf) 90 135 135

Man-hours (nominal) 48 72-135 72-135

Duration (hours) 24 5.5-13.4 5.5-13.4

0.9 liter/min per man. At this rate, the endurance for a full load would be
5.5 hr (considering the control-sphere supplies unavailable to the rescuee
spheres). If a resting rate of 0.5 liter/min, or 1 scf/hr, is assumed, the
endurance would be about 10 hr. A 13-hr test with 13 men P- i in the aft
sphere has demonstrated a consumption rate which would giN endurance of

IV-16



13.4 hr (Lockheed Missiles and Space Co. 1971). This endurance would be re-
quired only in the highly unlikely event of entrapment following completion
of a successful mating operation.

Table IVC-3.
Carbon dioxide scrubbing capacitI in control, mid, and aft spheres

CO2 SCRUBBING

Control Mid Aft

Total LiOH (lb) 27.7 51.5 51.5

CO2 capacity

Theoretical (scf) 205 381 381

Nominal man-hours 84 156 156

Duration (hours) 42 12 12

The theoretical C02 -combining capacity of each 4-lb LIOH cartridge is
about 29 scf, or 36 man-hours. The nominal rating in this life support
system is 12 man-hours per cartridge (Preliminary Technical Manual for DSRV
Vehicle Subsystem 1970, Li and Sudolnik 1970). At this rate the full-load
endurance would be 12 hours. In the 13-hour test mentioned previously
(Lockheed Missiles and Space Co. 1971) cartridges'were changed at intervals
corresponding to 13-man-hour ratings, and the compartment PC02 did not rise
above 7 mm Hg. This would correspond to a total endurance of 13 hr.

One area is of particular interest: the several consequences of operation
at positive pressure. The design criteria for the DSRV specified that it
should be able to equalize with the distressed submarine at pressures up to
5 ATA, and to maintain this internal pressure during transfer to the Mother
Submarine or to the Deck Decompression Chamber of the ASR. This capability
would prevent the rescuees' suffering decompression sickness during the
transfer. The positive pressure in the disabled submarine might come about
by partial flooding, salvage air pressurization to control flooding, exhaust
from open-circuit air emergency breathing equipment, or internal high-pressure
air leaks. The probability of encountering increased pressure is difficult
to evaluate but is worthy of consideration.

At 5-ATA internal pressure, the DSRV scrubbing and dehumidification system
would be stressed but theoretically adequate (Li and Sudolnik 1970). Full-
scale, full-load, manned tests have not been conducted at 5 ATA.

The narcotic effect of hyperbaric air is measurable at 5 ATA (132 fsw gauge)
but not disabling. In the likely event that the submarine atmosphere is con-
taminated, the DSRV mid- and aft-sphere crewmen would breathe normoxic
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nitrogen-oxygen from the EBS. The narcotic potency of this mixture at 5 ATA
is equivalent to air at 167 fsw gauge. Exercise and elevated CO2 would be
expected to aggravate the narcotic effect. The Medical Department at Sub-
marine Development Group One is currently studying this problem in chamber
simulations. They have found definite deterioration of cognitive function-
ing but no great decrement in simple task performance. It'is obvious that
any un'4sual or emergency situation requiring Judgment would be more difficult
to deal with under the influence of nitrogen narcosis. If it can be shown
that repetitive exposures produce adaptation of cognitive function in this
setting, then it would be advisable to provide DSRV crewmen with narcosis
indoctrination and training, either with hyperbaric nitrogen exposures or with
nitrous oxide at equivalent sea level doses.

In the event that the rescuees have been expoc-d to positive pressure, tr:ay
may well have incurred a substantial decompression obligatiez. Given the ime
frame of the rescue operation, they must be assumed to be saturated with
nitrogen for the purpose of decompression analysis. During the several hours
of transit to safety in the DSRV, additional nitrogen may be taken up from
the ELS mixture, if it is used. The DSRV crewmen will also build up a con-
siderable decompression debt after one or more rescue circuits at pressure.
Effects on decompression will be discussed later.

Another important potential consequence of this prolonged stay at 5 ATA

is pulmonary oxygen toxicity (Greene 1974). Pulmonary effects of air satura-
tion deeper than 60 fsw have not yet been studied. The oxygen partial pres-
sure at 5 ATA of air is 1 ATA, and this PO2 has definite pulmonary toxic
effects, including death in prolonged exposures (Clark and Lambertsen 1971).
From this point of view, the "worst case" would be maintenance of air-equivalent
oxygen percentage in the distressed submarine. This would be likely if a small
number of men occupied a large compartment and thus did not significantly re-
duce the P02 by consumption, or if they were breathing on an open-circuit EBS.
A method of dose quantitation, the Unit Pulmonary Toxicity Dose (UPTD) developed
by the Institute for Environmental Medicine (University of Pennsylvania 1970,
Wright 1972), enables us to estimate the severity of pulmonary toxicity in
these circumstances. Given the time scale of the rescue scenario, it is likely
that the rescuees will have been exposed to this environment for more than
48 hr before decompression can begin. Table IVC-4 shows the UPTD which would
result from a 48-hr exposure to air at the gauge pressure indicated (Greene
1974). As a point of reference, a study by Clark and Lambertsen (1971) demon-
strated severe chest pain, dyspnea, and a 9% decrease in vital capacity with
an oxygen dose of 1200 UPTD. At any pressure significantly over the threshold

Table IVC-4. Predicted pulmonary oxygen toxicity doses
after 48-hour exposures to air at depths up to 132 fsw.

Air depth (fsw) 80 90 100 110 120 132:

P02 (ATA) 0.72 0.78 0.84 0.90 0.97 1.04

UPTD in 48 hours 1452 1777 2088 2390 2736 3070
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of toxicity (0.6 ATA P0 2 ), the table shows that a 48-hr exposure will exceed
this reference level of symptomatic toxicity. The level of UPTD required for
irreversible or fatal damage is unknown for man, but it is apparent that ex-
posure to 5 ATA of air for more than a few days is potentially vr'ry dangerous.
High levels of C02 and other atmospheric contaminants may accelerate the pul-
monary damage.

It is clear, then, that it would be desirable to decrease the oxygen partial
pressure to less than 0.6 ATA in the distressed submarine or its EBS prior
to rescue. The practicability of this approach is being evaluated. But
certainly after rescue, the rescuees should be returned to a safe P0 2 as soon
as possible. This has important bearing on the choice of a decompression
-method. Decompression on air from a 5-ATA saturation would take approximately
49 hr. The elevated P02 of hyperbaric air would add a further 350 UPTD to
the total oxygen dose during that decompression, This amount is not signifi-
cant by itself but the delay in establishing a normoxic P02 might well prevent
healing and allow the stage of irreversibility to be reached.

A decompression on normoxic helium-oxygen would satisfy the need to reduce of
Ash2 and this would be readily available in the Deck Decompression Chamber of

the ASR, to which the DSRV can mate under pressure. However, there is a
strong suspicion, based on standard decompression theory, that this might lead
to difficulty (Greene 1974). Since helium is generally thought to be exchanged[more rapidly than nitrogen, when a shift is made to oxyhelium breathing, a
tissue saturated with nitrogen would build up a total inert gas tension greater
than ambient pressure as helium 15 taken up. Fig. IVC-2 shows an example of
how this would occur in the theoretical compartment with nitrogen half-time
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Fig. IVC-2. Supersaturation without ambient pressure change, resulting
from He-0 2 breathing after air saturation at 132 fsw gauge. irN2  compart-
ment N2 tension; 7rHe - He tension; TrT - TrN 2 +iTHe; compartment has half-
times of 480 min for N2 and 240 min for He.
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of 480 min and helium half-time of 240 min. The initial condition is air
saturation at 132 fsw gauge (165 fsw abs.), followed oy normoxic oxyhelium
at the same depth. The figure shows that the theoretical total compartment
inert gas tension would reach a peak of 185 fsw abs. and not begin to decline
until more than 10 hr after the atmosphere change. The degree of supersatu-
ration shown in this example is in excess of the allowable uP for the depth,
even though no change in ambient pressure has taken place. This theoretical
effect could be enough to change a conservative decompression schedule into
a disaster. To avoid this possible problem, the ASR diving system could be
•rovided with a capability to operate with normoxic nitrogen-oxygen mixtures.

This capability does not exist, of course, if the decompression is to take
place in the pressurized forward room of the Mother Submarine, but the need
to reduce P02 would still exist. The practicability of providing a method
of doing this should be evaluated.

A number of other problems might coexist in the rescuees, depending on a
number of variables, and these should be listed for the sake of completeness.
Some would be cured by the act of rescue; others would not. They include:
CO2 intoxication, toxic effects from various other atmospheric contaminants,
dehydration, starvation, immersion and cold injury, other trauma, poor sani-
tary conditions, psychiatric casualties, and radiation injury.

In summary, I would propose that the subject of DSRV positive pressure
operation be reviewed in the light of current k-nowledge. Specifically, the
maximum pressure considered might be more or less than 5 ATA, and this should
be determined by considering anew what would be the maximum pressure we ex-
pect to find in a survivable casualty; what is the true maximum internal
operating pressure for the DSRV; what is the maximum pressure and number of
personnel that can be accommodated for decompression in the DDC and in the
Mother Submarine; and what decompression method is to be used. A full-load
test of DSRV life support function should be undertaken at this maximal pres-
sure. The final outcome of the Submarine Development Groupe One narcosis
studies should be examined to determine whether training in performance under
conditions of narcosis should be instituted for DSRV crewmen.

I
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D. SWEDISH RESCUE CONCEPT: CAPT. A. MUREN RSN AND CDR J. ONNERMARK RSN

In the Swedish Navy submarine rescue has, during the last decades, been
based on the two principal methods: group rescue with the rescue bell and
individual rescue by free ascent. As fcr the first method, two rescue bells
of the McCann type are available, one cn the west coast and one in the Baltic.
Since these bells are now obsolescent, it has been decided to replace them
with an underwater rescue vehicle (URF). The main requirements of this
vessel are: capability of rescuing the total crew of a submarine down to a
depth of 300 m under normal pressure; facilities for lock-out of two divers
at this depth; and capability of rescuing a submarine crew exposed to an air
pressure of 10 ATA.

Since only about 3 million dollars were available for this project, the
vehicle would necessarily not be a very sophisticated one, buc it was con-
sidered possible to construct an adequate vehicle for this amount. The URF
was ordered in early 1974 to be delivered in 1977 by the Swedish shipyard
Kockums in cooperation with the French company COMEX.

General Description

The URF has a length of 13.5 m, beam 4.3 m, and height 3.9 m. Displace-
ment is 49 tons, maximal diving depth 460 m, and maximal rescue depth 300 m.
Speed submerged is 3 knots. The total endurance is 40 hr, with an estimated
mission profile of 10 hr each for towing, rescue operation, and towing with
a 10-hr safety margin. The vehicle is divided into four compartments (Fig.
IVD-l):

- Operator's Compartment (OC), internal pressure 1 ATA
- Rescue Compartment (RC), internal pressure 1 - 10 ATA
- Auxiliaries' Compartment (AC), internal pressure I ATA
- Divers' Compartment (DC), internal pressure 1 - 31 ATA

The normal crew is two operators in OC, one engineer in AC, and two divers
in DC. The RC can take a sabmarine crew of 25 men.

The base of the URF will be the Naval Diving Center, 30 km south ofStockholm, where it will be stored on a trailer in the same guilding as the

stationary pressure chamber complex. A PTC is available for transference of
personnel from the URF to the stationary chambers.

Operation

On the "SUBSINK" alarm, the URF will be taken on its trailer to the nearest
harbor with either adequate lifting capacity or convenient slipway for launch-
ing. Simultaneously, a surface vessel for towing the URF will proceed to the
same harbor. In the meantime, the site will be established by other naval
ships. After having been towed to the place, the URF will proceed on its own
to the sunk submarine. Within one nautical mile the URF will be guided by
a pinger signal and a passive sonar, while the active sonar will be used for
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Fig. IVD-1. Internal arrangement of the URF.

the last part of the approach, until visual contact is established at a dis-
tance of 2-10 m. During a normal rescue operation, a wire will be connected
to the rescue hatch cover of the submarine by means of the URF manipulator
and mating completed by winching down the URF. The hatches will then be
opened and the crew will transfer to the URF (Fig. IVD-2).

Life support system--The system is manually controlled but there is a
duplicate system in that the functions are controlled both from the OC and
from the AC. Oxygen is stored outside the pressure hull in 200-atm cylinders
and supplied separately to the different compartments. For compartments with
atmospheric pressure PO2 is kept at 0.2 + 0.03 ATA. When pressure is increased
in the DC or RC, P02 may be increased up to a naximum of 1.2 ATA for restricted
periods. Each compartment' has an oxygen sensor which can be read by the per-
sonnel in each compartment and centrally from both OC and AC.

Carbon dioxide is removed by separate sodalime scrubbers in each compart-
ment. The C02 level is kept at 0.5 - 1% (or the equivalent at increased pres-
sure). The level can be checked intermittently by chemical absorbent tubes.
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rFig. IVD-2. Crew transfer from the URF.

Temperature is controlled by an electrical heating system which will en-

sure a minimum level of 151C when the water temperature is OoC. The DC,
however, is equipped with extra insulation and heating so that the level
can be kept at 30 0 C when helium is used. Except for the RC, humidity is
controlled by silicagel filters to a level of about 70% relative.

The endurance of the life support system is 50-70 hr, except for the
RC which has a capacity of 20-25 hr. The other compartments are also equipped
with an emergency breathing system or with breathing apparatus which have
an extra capacity of 12 hr.

Rescue operation--Rescue will be performed according to three different
procedures according to the condition of the disabled submarine.

(1). Under favorable conditions docking will be made as described above
without exposing any personnel Lo increased pressure. The submarine crew
will be transferred to the rescue compartment at normal pressure and can be
taken to surfice within a short period.

(2). The docking procedure may for some reason require assistance by
divers who will be locked out from the DC. In this case the DC will be
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pressurized with air to a maximum of 40-60 m and with helium for further depths
down to 300 m. The compression time should not exceed 30 min. One diver at
a time will enter the water with umbilical gas supply and a breathing appara-
tus as a reserve. Cold protection will be accomplished by an air-insulated
suit and electrical gas heater. Two different breathing gases will be avail-
able for use, depending on depth--air to 40-60 m and heliox or trimix with
5% oxygen for greater depth. The gas supply will permit a total working period
of at least 2 hr in water, which would imply alternating periods of about 30
min for each diver. For depths exceeding 150-200 m, decompression periods of
several days will require that divers bc: transferred by the PTC from the URF
to the stationary chamber at MDC.

(3). Situations may occur when it is impossible to perform a docking pro-
cedure due to unfortunate position of the submarine or damage to the docking
area. In these cases the URF will hover closely above the hatch of the dis-
abled vehicle, with a free entrance to the RC which compressed to the surround-
ing pressure. The personnel compartment of the disabled vehicle will then be
compressed with air to the external pressure, or flooded with water, after
which the rescuees can be transferred one at a time, assisted by a diver, from
the disabled vessel into the URF. This procedure is necessarily a complicated
one, but it should be possible to perform at depths down to 90 m. The rescue
procedure would probably take 1-2 hr, which would necessitate a prolonged
decompression period in the RC or, after transportation by the PTC, in a sta-
tionary chamber.

This method could also be utilized in other cases when docking is not pos-
sible. Personnel trapped in another submersible, in a hsbitat, or in a sun-
ken vessel, at normal or increased pressure, could be rescued by this procedure.
Unfortunately, the method would in most cases be limited to about 100 m since
the disabled vehicle would only have access to air as a breathing medium.
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E. ONE-ATMOSPHERE DIVING SUIT: CDR. J. VOROSHARTI

A workable 1-atm diving suit for deep diving has been sought for many years
as an alternative to the standard diving dress which exposes the diver to am-
bient pressure. The reasons for this interest are obvious. A 1-atm suit

would do away with a great many of the problems encountered in standard diving;
lengthy decompression in the water, decompression sickness, cerebral air embo-
lism, use of mixed gases, poor communications, hydrostatic pressure differen-
tials on the body, etc.

Theoretically this type of apparatus should provide 1-atm conditions to,
great depths while preserving the capability of free motion for the diver to
do work with stability in tidal flows and currents. Historically there have
been no problems in providing the first requirement but the second has been
very difficult to achieve. The early suits were very cumbersome and did not
provide the mobility required. This was generally because of the inability
to design mechanical joints which did not sieze under increased pressure.
The most successful model, built by J. Peress, used fluid-lubricated joints
and provided much better flexibility at depth.

The particular suit discussed here is the JIM suit (named for Peress)
built by DHB Construction Ltd, Farnborough, Hants, England. It is a modifi-
cation of the Peress suit-joint system allowing for great flexibility with
no Joint siezure at depth (Fig. IVE-l).

The suit is classified by Lloyd's as a submersible. Its test depth is
2000 ft with certification to 1300 ft with occasional excursions to 1500 ftI1 ("occasional excursions" is undefined). The dry weight is 910 lb and it is
ballasted with 150 lb of lead. The buoyancy can be adjusted within the range
of 15-50 lb with this lead. There is a large rear weight which can be
dropped by the operator which makes the suit positively buoyant. It is stated
that in this buoyant mode the suit will rise to the surface at the rate of
100 ft/mmn in the upright position.

The basic life support system is shown schematically in Fig. IVE-2. The
diver breathes the atmosphere in the suit to which oxygen is added anI from
which C02 is absorbed. The system shown, with the exception of the change-
over valve, breathing tubes, and oronasal mask is duplicated in the suit and
by merely turning a lever on the changeover valve the diver can switch trom
one system to the other. The oxygen cylinders each contain 500 liters at
200 atm, The flow is through appropriate valves in the hull of the suit to
a pressure reducer which decreases the pressure to 100 psi. Pressure gauges
above and below this reducer are provided. The oxygen flow is metered by
the flow controller which consists of a tilt valve operated by a diaphragm
with suit pressure on one side and a reference chamber containing 1 ATA on
the other side. This will control the pressure in the suit at 1 ATA + 0.09
ATA. The I'low restrictor in the main line will hold the oxygen flow to 3
liters/min in the event the flow controller fails open, while the flow restric-
tor in the bypass line will maintain 0.25 liters/min flow if the controller
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Fig. IVE-1.
Overall view of JIM suit.

fails closed. The oxygen is injected into the inhalation hose leading to
the oronasal mask. inhalation is through a canister containing 1 lb Of 002
absorbent. An oxygen sensor provides a readout of th-_ oxygen level in the

suit (it has been recommernded that the sampling point for this be in the in-

halation tube downstream of the oxygen injection point).I

The duration of the life support system can be worked out very simply by
assuming any oxygen consumption. The life of the C02-ahsorbent system is
more difficult to calculate because of variables of temperature, humidity,
and acceptnbtbe C02 level, but the range is calculated to be between 500 and
1000 liters Of 002.

This breathing system has been evaluated for breathing resistance. Using
the steady-flow method of Cooper, the resistance of the total system was less
than the recoummended limit at flows up to 60 1/min and below the maximum limit
at flows up to 90 I/min. In suibjective terms the resistance is noticeable by
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1Fig. IVE-2. Schematic diagram of life support system (see text).

the divers when exercising but does not cause any respiratory embarrassment.
This problem could be solved if a mechanical recirculation unit could be
designed for the suit. The operator would then not have the breathing re-
sistance of the mask, tubing, and absorbent canisters to contend with (Fig.
IVD-3 and IVD-4). The oronasal mask has caused some problems due to leak-
age around it; also, it interferes with the visual field of the operator by
preventing him from getting his face close to the view ports. Other concerns
are the lack of humidity and thermal control and these need to be solved if
any long-term dives are to be undertaken.

1.

Fig. IVE-3. View of some compo- Fig. IVE-4. View of operator in suit
nents of life support system (A. ex- wearing mask and showing pressure gauges.
halation canisters; B. inhalation ca-
nister; C. flow controller; D. change-
over valve).
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F. WHY MANNED VEHICLES: H. TALKINGTON i

Although manned systems are useful, exciting, and, many times, necessary,
the majority of undersea tasks facing man can be accomplished more safely,
economically, and as thoroughly with unmanned systems. Guidelines for making
the decision to use a manned or unmanned system for the execution of a spe-
cific undersea task are proposed and explained. Three examples are presented:
exploration (use of a manned system), search and recovery (use of manned and
unmanned systems), and work(use of an unmanned system).

The first example involves the TRIESTE (Fig. IVF-l), which was the first
successful, manned deep-diving, 'free-swimming submersible. It enabled man
to dive into the depths of the sea in the relative safety and comfort of a
1-atm pressure hull. Because the hull was heavy steel, it required a large
gasoline-filled float to give the submersible an overall (neutral buoyancy.
For looking at the undersea world outside the TRIESTE there was one 10-cm
diameter viewport in the steel pressure hull. This is the vehicle that
carried man into the deepest part of the world's oceans--to the bottom of
the MariatLas Trench.

4\

' *1

Fig. IVF-I. TRIESTE

l/ An expanded version of this paper first appeared in a report of the

U. S. Naval Undersea Center entitled, "Why Man."
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For the second example we must return to early 1966 and to the Mediter-

ranean Sea near the Spanish village of Palomares. Two aircraft of the U.S.
Strategic Air Command had collided in midair and scattered wreckage and four
H-bombs around Palomares, one of which was lost in the sea. For almost 3
months search and recovery efforts were diligently pursued. The efforts
embraced every way man can extend himself under the sea; there were divers
as well 'as manned and unmanned systems. While divers worked the relatively
shallow water, manned Perry submarines and also ALVIN (Fig. IVF-2), and

'ALUMINAUT, searched the deeper, more rugged areas. The MIZAR (Fig. IVF-3)
provided an instrumented, unmanned sled which en3bled the searchers to

kI

Fig. IVF-2. ALVIN

examine a large area (about 25 square miles) to depths, if necessary, of
20,000 ft. The MIZAR has a center well through which the sled is lowered
and then towed at the selected depth.

ALVIN twice found the lost bomb; the unmanned CURV I was used to re-
cover it. CURV I (Fig. IVF-4) had been developed for recovering test
ordinance at the Naval Undersea Center's Long beach and San Clemente Island
test ranges to depths of 2000 ft. To meet the need at Palomares CURV I was
modified so it had the capability of doing work at greater depths.

The bomb was tenuously resting on a craggy slope at the brink of an under-

sea canyon, and the parachute that was still attached to it was drifting
back and forth in the current. There were two dangers here for those attempt-
ing a recovery: the first was getting entangled in the parachute shrouds
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and the second was dislodging the bomb and possibly losing it deeper in the
sea. When it was first discovered, ALVIN tried to attach a marking pinger,
but it became entangled and there were some nervous moments before it worked
itself loose. After that ALVIN preferred to stand back, and thus the unmanned
CURV I made the necessary attachments and raised the lost bomb to the surface
(Fig. IVF-5) from a depth of 2850 ft. This was an intricate, tense, and vital
example of different types of systems working together to conduct a success-
ful operation.

IKE AGUI l 1

F - 1 La bomb& perddWa fe m.Irad a l.a Preoaia rmnndial a bo rd dol bu•gue P h*II'. ,- .0,,

Fig. IVF-5. Recovered H-Bomb

The third example consisted of a major overhaul of the Azores Fixed Acous-
tic Range (AFAR) which was well handled by an unmanned system. This was
CURV III (Fig. IVF-6), the latest in the series of unmanned vehicles, which
has .ill the necessary equipment for searching for, locating, and documenting
the recovery of a lost item or the completion of a particular support task
at depths to 7000 ft. This equipment comprises both active and passive sonar,
two closed-circuit TV systems, a 35-mm documentary camera and strobe, and
an underwater lighting system. The standard work tool is a hydraulically
operated claw; special work tools and equipment, however, can be readily
attached to the vehicle. Before CURV III performed the tasks it wau assigned
to do at AFAR, engineers reviewed the requirements and supervised the neces-
sary modifications. The taslks accomplished by CURV III at AFAR included rig-
ging one of the 125 ft acoustic towers so that it could be lifted from the
sea floor, cutting various underwater electric cables that were from 1.5 in
to 3.5 in in diameter, retrieving underwater electric cables from the ocean
floor (Fig. IVF-7), sonar mapping of the acoustic tower sites, and inspecting
the underwater range once all the other tasks had been successfully completed.
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L Fig. IVF-6. CURV III

Fig. IVF-7. An AFAR task.
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Why<Man?

While keeping the above examples of undersea tasks in mind, let us return
to the question why man? In considering our goal of fully using the marine
environment and resources, once again we must ask the following questions:
flow does putting man in a system affect the goal; how does he impact the
relationship between desire and economics? These questions should be answered
beforeany system is made the focus of time, effort, and money.

First, we Must be hones-t with ourselves about ourselves. Man has the de-
sire to see, to know, to be there. He has an ego: he wishes to leave his
personal maerk, he wants others to acknowledge that achievement, and then he
pushes on. That man is a searching, conquering, proud being must be taken
into a!c'ount because this conviction affects the thinking of overyone who.
establishes goals for an undersea project, especially those who always insist
that man must be present on site.

Beyond the desire for personal accomplishment there are other reasons man
should or could be included in an undersea work or exploration system. When
a man's trained intellect and senses are part of a system, he is able to
repair, reset, adjust, and adapt, in short, respond to the unusual situation.
The free-swimming diver comes closest to exercising directly his senses in
the ocean (primarily seeing, touching, and hearing). The man in the manned
submersible, however, is sensing his environment remotely, except for one
sense--that of sight. In the unmanned system all sense data is remotely per-
ceived. Thus, the primary reason for including man in a system is to make
use of his active, interpretive ability to see.

K ~~The Cost of Manned Sytm

There should be irrefutable reasons for putting man into the sea, because
the cost is high, for risking a human life in a hostile environment. The
safety factor makes !t necessary that the system sustain and support human
life. Therefore funds must be allocated to support man and not be directed
toward accomplishing the goal. An adequate life support system consists of
more than the equipment specified strictly for life support. Because manned
systems are not currently powered from the surface, they require a self-
contained power supply comprising special high energy batteries and charging
systems. The power supply increases the weight and volume of the system,
and it generates power for only a relatively short time thus severely limit-
ing mission endurances; both of these facts represent a costly impact on sys-
tem effectiveness. When man is in the system he must be protected from the
hostile environment by a pressure hull. Since the pressure hull is usually
made of steel, it becomes the largest, heaviest, and most costly part of a
manned submersible. Once the manned submersible is constructed it must under-
go man-rating certification, which procedure is not only costly in itself,
but imposes necessary and costly design constraints. Along with the safety
factor is the anxiety factor: when ALVIN was entangled in the bomb's para-
chute shrouds there was a great deal of concern for the safety of those on
board. A man in a system also complicates the already difficult problem of
handling because manned systems, besides being larger and heavier, require
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a special fail-safe handling capability and any accidental rough handling
could result in injury or death. This handling capability also adds expense
to the system.

Experience with the DEEPSTAR-4000 illustrates what has been said. In
order to meet some specific test objectives, DEEPSTAR had a full complement
of scientific instrumentation (Fig. TVF-8), which included sound velocimeters,
salinometers, water sampling devices, and a coring device, mounted on it.
During many of the test dives the scientist inside the submersible was so
busy that he never looked out the viewport. The question must be asked--did
the "observer" need to be there on site? He used none of his setses to learn
about the environment. Could these particular tasks have been accomplished
just as well (and more safely and economically) with a remote-controlled
system?

1' 7

4| i -b

Fig. IVF-8. Instrumented DEEPSTAR

Unmanned System! and Ti Collection

Another question is necessary: is man required on site tn order to get
the information we want and need regarding the ocean environment: Table IVF-l
is a list of ocean exploration and survey parameters compiled by the National
Academy of Engineering M-ine Board Panel on Platforms for Ocean Exploration
and Surveying at Airlie ie, Virginia in February of 1972. The list shows
which parameters are pe iaent at each of five separate levels: the air-sea
interface (+lOm to - lOm), the upper water column (-lOm td -500 m), the lower
water column (-500m to bottom), ocean floor, and subbottom. Not only are
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Table IVF-1. Ocean exploration and survey parameters

Air.Sea Upper Water Lower Water
Parameter Interface Column Column Bottom Subbottom

'_ _ _ (10 to .lOm) (.lOm to -500m) (i50Om and deeper)

1 Ice X

2 Sea-swell-surf X

3 Surface Meteorology X

4 Surge X

5 Tides X

6 Currents X X X

7 Hydrodynamic Forces X X X

8 Noise X X X

9 Salinity X X X

10 Temperature' X X X

11 Turbidity X X X

12 Biomass X X X X

13 Nutrients X X X X

14 Oxygen X X X X

15 Pollutants X X X X

16 Electrical X X X

17 Bathymetry X

18 Geomorphology X

19 Rheology X

20 Engineering Properties X X

21 Geochemistry X X

22 Geology X X

23 Geothermal X X

24 Physical Properties X X

25 Radiometric X X

26 Gravity X

27 Magnetics x

28 Seismic X

Table IVF-I. Ocean exploration and survey parameters
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there many parameters to be measured, but they must be measuced in many areas
of the world before the oceans, which cover three-quarters of the earth, can
be fully utilized. Many measurements in many areas is the desired goal, butonce again economics affects accomplishment. It was the conclusion of the
Airlie House panel that buoy systems and unmanned systems should be used when-
ever possible. This would avoid the expense of using a manned system such
as DEEPSTAR when the only responsibilty of those on board is to ferry the in-
strumentation to the appropriate level for gathering data.

Buoy and unmanned systems are available now for the work, exploration,
and data gathering that will render the sea most useful for man. SONODIVER
(Fig. IVF-9) is an unmanned, untethered deep diving vehicle designed to oper-
ate to depths of 20,000 ft. It provides a quiet platform for gathering acous-
tic and other environmental data at predetermined depths. Ir operation,
SONODIVER, once launched, descends to the selected depth where -.t releases
its descent weight, hovers, takes data, releases the ascent waight, and re-
turns to the surface. SONODIVER is cabable of acquiring much of the same
data that manned systems have taken in the past. Another example of present
unmanned systems is SEAPROBE (Fig. IVF-10), a surface ship which has a drill-
string attached, at the end of which is an instrument pod with a large mani-
pulating capability. This new development has shown that man can work at
extreme ocean depths and that he can remote his senses and his manipuL tive
abilities from the safety of the surface to the location requiring his atten-
tion. SEAPROBE has recently successfully completed a task which required its
capabilities for the handling of array systems in the Bahamas.

Unmanned systems come in a variety of shapes and sizes (Fig. IVF-lI).
SNOOPY is a 50-lb unmanned vehicle with a television camera and a small claw.
It is essentially a remote-controlled, swimming television system which can
perform underwater search, inspection, observation, and classification mis-
sions. SCAT is a 400-lb remote-controlled, swimming television system that
makes use of a head-coupled television which gives the operator a much more
vivid "sense of presence" at the work site than remote monitors usually do.
Under the Deep Ocean Technology (DOT) Program, the Remote Unmanned Work
System (RUWS) is being constructed for engineering tasks in the deep ocean.
RUWS will have two manipulators, one a heavy grabber and the other a highly
articulated manipulator; television cameras; and other instrumentation re-
quired for the successful completion of its mission. Its 20,000 ft depth
capability will give the RUWS access to more than 98%.of the ocean floor.

Conclusions

First, it is recognized that, to meet the challenge of making a thorough
and effective use of the marine environment and its resources, a full comple-
ment of manned and unmanned systems will be required. Second, it is impera-
tive that unmanned systems be used as much as possible. Unmanned systems
are best suited to the greatest number of undersea work and exploration tasks
for at least six reasons: relative economy of development in time and equip-
ment costs when compared with manned systems, unlimited operational endurance
on site by virtue of the cable link to the surface, surface control and coordi-
nation of project efforts (thus avoiding clash of operational philosophies)
ability to perform in hazardous areas without endangering personnel, ability
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Fig. IVF-9. SONODIVER
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Fig. IVF-1O. SEAPROBE
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to change or modify all system components to meet individual tasks or range
needs without affecting system safety or certification status, and ease of
changing crews without any disruption to the mission (men simply leave their
places at the control consoles and immediately their replacements are there
to take over). In additon, because these systems are usually smaller and
lighter as well. Rs unmanned, the handling problem is significantly reduced.

Third, man should be included in a system only if he is absolutely neces-
sary for the success of the mission because his preisence in a system drasti-
cally increases the cost of the system in more safety considerations, system
complexity, handling problems, and time. Also, if man's presence is necessary
for a successful mission, it is most likely because the mission requires real-
time, high-resolution sight. A corollary to this observation is that, if a
man is needed for seeing, then provide him with a system which offers maximum
visibility.

While the Navy's TURTLE and SEA CLIFF (Fig. IVF-12) are versatile research
submersibles capable of performing search, recovery, photographic, and scien-
tific tasks to depths of 6500 ft, they have only relatively small viewports.
We now have submersibles (Fig. IVF-13), which, besides being fully instrumented,
provide maximum or panoramic visibility. Among this group are NEMO, SEA-LINK
PC-8, MAKAKAI, and T)EEPVIEW. NEMO, the first fully operating and certified
submersible using an acrylic hull, is a self-contained system with a one-
atmosphere environment. It carries its crew of two on missions to depths of
600 ft, and the acrylic sphere affords the crew all-round visibility. SEA-
LINK makes use of an acrylic sphere like NEMO's which allows for the required
visibility, but it also has a welded aluminum hull for diver transport and
lock-out capability. Designed to operate at more than 3000 ft depths, the
SEA-LINK will also provide a team of three divers capable of working at 1600 ft
depths. The PC-8 of Perry Oceanographics, Inc., has an acrylic nose which 6
permits good forwar 'd visibility. Equipped with navigation and control instru-
mentation, a communication system, and a manipulator arm, the PC-8 can operate
to depths of 750 ft for 2 hr of continuous running at a maximum speed of 4
knots or for 8 to 10 hr at 1 knot. MAKAKAI, "eye of the sea," lives up to its
name. Also making use of a transparent acrylic sphere as its pressure hull,
the MAKAKAI is a two-man free swimming submersible with an operating depth of
600 ft. Its two pi-pitch cycloidal thrusters give the submersible a cruisingspeed of 0.5 to 0.75 knots with a maximum speed of 3 knots. At cruising speed
MAKAKAI can operate for 6 hr. Finally, DEEPVIEW, a two-man submersible with
a transparent bow, is the first submersible to make use of massive glass as a
significant portion of the pressure hull. Its nose is a large glass hemisphere
1.5 in thick. While providing the desired visibility, DEEPVIEW operates to
depths of 600 ft at speeds from 1 to 3 knots for 6 hr.

Summary

In summary this paper has acknowledged the overall goal of developing,
promoting, and supporting a national, operational capability for man to work
under the sea in order to achieve a better understanding, assessment, and use
of the marine environment and its resources. Ac the same time, it noted in
Table IW'-l some of the particular data requirements that have to be met if
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Fig. IVF-12. SEA CLIFF

the overall goal is going to be attained. It gave examples of tasks various
systems will be confronted with as the marine environment is made more and
more available to man. Then the question, why man?, was asked. To put man
under the sea entails high costs .money, time, and complexity. Thus, the
following conclusions were reacd a: Both manned and unmanned systems are
necessary to attain the goal. However, it is obligatory that unmanned sys-
tems be considered first and used whenever and wherever possible. Man should
be considered for systems only if it is essential to the mission's success.
And, since what makes man essential in a system is his ability to provide
active, real-time, high resolution sight, then that system should enable him
to exercise this ability to the greatest degree.
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SUMMARY OF DISCUSSION

Thermal protection of the lock-out divers was discussed. Several dives
have been aborted when the divers became simply too-cold to proceed any further
with safety. A concerted effort is needed to determine respiratory and skin
energy requirements to maintain thermal equilibrium at depths in excess of
150 ft. Obviously, this problem is greater in diversubs than in diving bells
because of the limited power supply.

Under Harbor Branch Foundation's present operating rules, no one rides in
the aftercompartment of that submarine who is not fully trained and qualified
in mixed-gas diving lock-out procedures. He must have full equipment to take
care of the situation. They have added saturation capabilities, so that under
any circumstance a diver can blow down and take a look at things. If he
breathes a high 02 mix, he can correct the problem and decompress on a stan-
dard schedule but, if not, he might have to wa3f down there for a long time.
If they get him to the surface, however, they can lock him on to a deck de-
compression chamber and go szandard saturation decompression.

They will still have to deal with the thermal problem. The non compress-
ible wet suit looks promising. Two companies that make the material are
Maury & Mancini and 3-M. The Maury & Mancini is much more pliable than the
3-M. The 3-M suit is also irritating. A new one is being tested in May.
One nice thing about it is that it is very heavy so that lock-out work does
not require weight belts. This helps in getting in and out of hatches.

It was asked how many rescuees the DSRV could carry during one rescue dive.
The original number was 24, based on the amount of ballast carried and then
dropped as each rescuee came on board. This total weight was based on an
average individual weight of 170 Ibs, which, apparently, is too low. Addi-

tionally, there is emergency breathing equipment on board for 12 rescuees and
.1 crewman in each of the t 'o spheres which house the rescuees. This total
number has been modified to 18 recently because of other weight constraints
added to the boat. The final number will depend on the weight of each man
"and other equipment modifications which are taking place during the DSRV's
operational evaluation. Another point was made that if a Polaris boat were
distressed, it would be necessary to know if it were the beginning or the end
of the patrol cycle. The average weight gain by the end of a patrol could
be as much ao 20 lb per man.

Experimental work Is going on at Submarine Development Group One on the
efficacy of the performance of mid- and aft-sphere crew members in the atmos-
pheric mode which would be encountered if the disabled submarine were pres-
surized. Trained divers that have been exposed to elevated nitrogen partial
pressures of 4.8 ATA have shown definite decrease in their cognitive function-
ing. There were two cases of central nervous system decompression sickness
from this limited depth using standard decompression procedures. Subjects have
also been monitored with an ultrasonic bubble detector. In all but one subject,
gas bubbles in the pulmonary arteries were seen, beginning with the 20-ft stop.
One of the subjects who developed CNS bends had the highest count rate, at
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least according to our early analysis. These findings indicate that de-
compression in a DSRV, even from the limited depth that they have gone so
far, and with a short bottom time of only 30 min, may prove to be a problem
with operators as well as with the potentially saturated crew from the dis-
tressed submarine. This problem needs further investigation. The next
step ini this study is to take DSRV mid- and aft-sphere operators to high
nitrogen partial pressures to see whether any significant differences occur
as compared with the Lrained divers.

Several questions were asked regarding "JIM". The question was asked
whether escape from the British 1-atm diving suit was possible. Escape is
not possible but the suit has the ability to drop 150-lb lead ballast and
would slowly rise to the surface in an emergency. A question also came up,
as to the ability of a diver in JIM tu work or see much below his waist. in-
dications were that experience and proper training',with this gear on an
open-sea salvage operation is quite limited and it is probably too soon to
know. In a cold-water, long-duration dave, thermal discomfort should be an-
ticipated because no provision for heating the diver exists. Because it has
a 1-atm air environment, depth should not degrade its capability. The length
of the tether to JIM was also discussed, partcularly the point of trying to
put a man on the bottom in the right spot with that length cf line. The
manufacturers compared JIM's effectiveness in a current situation with a
standard hard hat rig and JIM appeared to perform better.

The Cable Operated Rescue Device (CORD), which is similar to the CURV
system, was discussed. CORD is lighter and smaller than CURV and perhaps can
be operated from a hovering helicopter. A further description of this sys-
tem is found in Dr. Youngblood's presentation.

:I
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CONCLUSIONS AND RECOMMENDATIONS

1. Power and payload limitations mean that one of the most serious life sup-
port problems is to maintain an adequate temperature within the diving com-
partment. It appears impossible at this time to heat the entire aftercom-
partment,

2. Attention must also be directed to providing sufficient energy to the
diver's suit. and or his breathing apparatus.

3. Accelerated interest in deep commercial and scientific operations in-
sures the development of larger diversubs with longer duration capabilities.

4. It is likely that a combination of diversub and the articulated ar-
moured suit will be developed in the near future to overcome the physiolo-
gical limits of deep diving -an.

5. Definite deterioration of cognitive function may take place if crew

members of the DSRV breathe normoxic nitrogen oxygen at 5 ATA from their emer-
gency breathing system.

6. A substantial decompression obligation may occur in the event that sub-
marine rescuees have been exposed to positive pressure. Given the time line
of the rescue operation, they must be assumed to be saturated with nitrogen
for the purpose of decompression analysis.

7. Another important potential consequence of this prolonged stay at 5 ATA
is pulmonary oxygen toxicity.

8. If the rescuees are saturated with nitrogen, a shift to oxyhelium breath-
ing theoretically could change a conservative decompression schedule into a
disaster.

9. The maximum number of rescuees that can be accommodated for decompression
in the DDC and in the mother submarine must be determined.

10. What methods of decompression should be used under the various positive-

pressure situations must be decided.

11. A full-load test of DSRV life support function should be undertaken at
maximal pressure.

12. The Swedish Navy has decided to replace their submarine rescue bells
with an underwater rescue vehicle (URF). Its main characteristic will be:

a. capability of rescuing the total crew of a submarine
down to a depth of 300 meters under normal pressure,

b. facilities fo:: lock-out of two divers at this depth,
c. capability of rescuing a submarine crew exposed to

air pressure of 10 ATA.
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13. A 1-atm diving suit called JIM with an estab.liahed Lloyds divingcertification to 1300 feet has been tested successfully in the open sea.
Breathing resistance is noticeable but not embarassing. Visual fields
are hampered by the oranasal mask. Long-term dives will dictate improve-
ments in humidity and thermal control.

14. Both manned and unmanned systems are necessary to attain underseas goals.However, it is obligatory thaL unmanned systems b'e considered first and used
whlenever snd wherever possible.

I,
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SESSION V: NON-U. S. SUBMERSIBLE PROGRAM SUMMARIES

A. THE SUBMERSIBLE PROGRAM IN THE UNITED KINGDOM: H. PASS

In the mid-1960's Vickers saw the need to exploit naval underwater tech-
nology foj commercially-oriented underwater work. Vickers Oceanics Limited
was fn, .d coinciding with the world energy crisis and the need to accelerate
devel (.1T v 'orth Sea oil.

The first unit put in the field was the ex-stern-trawler VICKERS VENTURER.
S.. submersible chosen, after detailed market surveillance, to complete the
system was PISCES I, built by International Hydrodynamics of Vancouver.
VENTURER, 640 tons, 120 ft long, and capable of carrying 30 crew and opera-
tions people, was fitted out with the Vickers-designed "A" frame submersible
handling gear. PISCES I, 715 tons, is 16 ft long, 11 ft wide, and draws
7.5 ft; it has a depth capability of 1140 ft with 170 hr line-support

The next ship acquired was VICKERS VOYAGER, a former fish-factory ship.

This ship was fitted out to handle two submersibles by day or night in the
adverse sea conditions encountered in the North Sea. Fully equipped with
electronic and mechanical workshops, VOYAGER can operate submersibles in'sea
states 5 to 6. VICKERS VIKING, the third ship in VOL's fleet, came into
operation in September 1974. She, like VOYAGER, can handle two submersibles
in North Sea conditions and, in addition, is fitted with a deck decompression
chamber (DDC) to work with the new generation of diver lock-out submersibles.
Two further PISCES submersibles, P II and P III, are now operated by Oceanics,
with more coming into service next year along with two more support ships.

P-Class Submersibles

Basic construction consists of two steel spheres; a crew sphere forward
incorporating three view ports, which give 1800 field of view, and a machinery
sphere aft. Two smaller spheres forward and each side of the crew sphere pro-
vide trim using an oil system. A similar oil system,using flexible bags situ-
ased around the main sphere, provides the ballast system including fine ballast
for depth control. Additional air ballast tanks are situated under the skins
at either side of the submersible. Battery banks between the two large spheres
provide propulsion power via two 3-hp electric motors, in addition to power
for the electronic and ancillary equipment.

To fulfill their tasks, the P-Class submersibles are fitted with all the
necessary equipment for navigation/surveillance, underwater work, and crew
safety. Equipment includes depth sounders, obstacle avoidance sonar and a
sonar transponder for tracking and navigation guidance by the mother ship.
Work carried out underwater is generally centered around the large "torpedo"
grab and the general purpose manipulator. In addition to their normal func-
tions, both the grab and manipulator can be readily adapted to carry a wide
range of hyd:aulic tools including: drill, impact wrench, grinder, mud pump
and cable cutter etc., all of which are interchangeable underwater.
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An established feature of the Vickers Oceanics service is the ability
to adapt tools to provide quick economical solutions to problems. Typical
of these adaptions are Cox guns, rock drills, sediment samplers and corers,
and cutting equipment. Safety equipment incorporated in the P Class includes
CO2 alarms and scrubbers, water ingress alarms, and life support equipment
for 170'crew-hours. In extreme circumstances the manipulator, claw, motors,
and a drop weight can be jettisoned.

Cable Burial

As fish trawls go deeper, the submarine cable is increasingly liable to
damage that is very costly to locate and repair causing considerable delays
and inconvenience. Vickers Oceanics devised an effective cable and repeater
burial systý.m using a jet trencher controlled from within tl'9 submersible.
Burial rates of up to 1200 m (3/4 mile) per day are achieved; this includes'
preweighting the cable to facilitate its burial and to ensure that it remains
covered. New equipment under development will greatly increase this burial
rate.

Pipeline Survey

One survey for BP Limited entailed the provision of full video recordings
covering both sides of the West Sole-Easington gas line in the North Sea,
coupled with a comprehensive report and drawings referenced to the video tapes.
At the same time, cathodic protection-level readings were taken. The P III
submersible operating grom VICKERS VOYAGER undertook the survey in only 17
days in August, 1972 without delays in spite of adverse weather and sea con-
ditions up to sea state 6. The submersible is fitted with complete video re-
cording and monitoring equipment and the video cameras are indivivually
steerable to ensure full coverage.

VOL L I

The VOL L I is a rugged and reliable diver lock-out submersible capable
of carrying up to four personnel to a maximum depth of 366 m (1200 ft).
Navigation and communications equipment carried by VOL L I includes depth
sounders, obstacle avoidance sonar, and a sonar transponder for tracking and
navigation guidance by the support ship, plus an underwater telephone system
and an auto-pilot. To supplement work performed by the diver, the submer-
sible's own manipulators can be used to work and operate hydraulic tools for
cutting. burying, etc.

The VOL L I is of modular construction, which simplifies maintenance and
enables modifications to be carried out readily. The batteries are contained
in a twin-pod arrangement which forms the under-carriage skids, and quick-
change battery trays enable a turn-round between operations to be achieved
in 2 hours. A transparent dome at the front of the submersible provides an
unrestricted view ahead and a conning tower permits all-round vision. All
pertinent diver lock-out controls can be operated from either the lock-out
compartment or the forward compartment and life support facilities are pro-
vided for up to four persons. Safety features include an independent system
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capable of blowing the ballast tanks dry at a full diVing depth and a

droppable weight.

Submersibles Other Than VOL

Manned submersibles--At present there are no UK owned manned submersibles
operating in or around the UK other than those owned and operated by Vickers
Oceanics Limited. One or two other companies or organisations are starting
submersible operations in UK waters and from UK bases, but the subm;rsibles
themselves are all of foreign origin.

Unmatined submersibles--There nre--is far as is known to us--two UK owncd
submersibles at present opeat.ý:',... These are ANGUS and CONSUB.

ANGUS is a small experiment=! -.nmanned submersible built, owned, and opera-

ted by the Heriot-Watt Un1.versity in Edingurgh, Scotland. It is fitted with
both T.V. and stil. cameras and is controlled by an umbilical cable from the
surface. It has two horizontal thrusters. The main significant feature of
the ANGUS vehicle is its ability to navigate. The navigation system has worked
reasonably well but the use of only two beacons can cause confusion as to
which side of the baseline the vehicle is on and some difficulty has been
experienced with spurious readings. At present, the possibility of building
a Mark II system is being considered and, if this development does take place,
the operating experience gained with the Mark I vehicle should help to produce
a useful tool for possible assistance with rescues etc.

CONSUB is an unmanned vehicle built by the British Aircraft Corporation
and o-w-ne by the Institute of Geological Sciences. It is primarily for geo-
logical research work and is still in the prototype development stage. Equip-
ment includes two horizontal and two vertical thrusters, two T.V. and two still
cameras, and a rock core sampler. Early trials have been encouraging and
work is continuing but there is still a long way to go.

CUTLET is another unmanned vehicle under development. It is a recovery
vehicle broadly based on CTJRV and is being developed by the UK Ministry of
Defence at the Admiralty Underwater Weapons Establishment in Portland. Design
information has not been made available publicly. It is known that trials
of the partially completed system were carried out in Autumn 1974 and that
work is continuing.

As well as is known by Vickers Oceanics Limited and by Vickers Shipbuilders
there are no other UK submersible activities worthy of note taking place at
the present time.
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B. THE SUBMERSIBLE PROGRAM IN CANADA: M. D. MAC DONALD

There are presently four companies in Canada manufacturing and/or operat-
ing submersibles. These are International Hydrodynamics (Hyco), Arctic
Marine, Horton Maritime Explorations, and Access. Hyco has built seven sub-
mersibles and has five more under construction. Arctic Marine has one
(SEA OTTER); hirton Maritime Explorations own AUGUSTE PICCARD, BE', FRANKLIN,
and Access has an under-ice submersible in the planning stage. This
report concentrates primarily on those submersibles built and/or operated by
Hyco. Information was requested from all four companies and their responses
are included.

Hyco Submersibles

Submersibles built by Hyco vary from the early PISCES I through a series
of PISCES, leading up to the present PISCES VIII being built for Vickers
Oceanics of England. During this time the Submersible Diver Lock-out I
(SDL-l) and the AQUARIUS have also been built. The most recent design, the
TAURUS, is in the design-construction stage. This is a 50,000-lb displace-
ment submersible designed for 1-atm transfers and possible diver lock-out
missions. The design of these submersibles generally falls into two cate-
gories, lock-out and nonlock-out. The PISCES and AQUARIUS submersibles are
nonlock-out submersibles, the SDL and the TAURUS are lock-out submersibles.

Design

In the PISCES-class submersibles, the operating depth varies from 1400
ft for PISCES I, to 6600 ft for PISCES, IV, V, VI, and VII. Their construc-
tion and operations span a period of 10 years. The number of dives accumula-
ted on PISCES-type submersibles is approximately 3200, in locations varying
north and south from the Arctic to the Bahamasand east and west, from the
North Sea to the Pacific.

PISCES submersibles have the following design elements in common:

' a main personnel sphere constructed of steel with a

diameter of approximately 6 1/2 ft;

three viewports;

' an oil-filled framework to connect various components, as
well as a glass-reinforced plastic fairing;

* a ballast system comprising 3 major sub-systems:

(1) hard system in which seawater or oil is pumped
in and out of steel spheres,

(2) soft system in which compressed air is used to
displace water in fiberglass air buoyancy chambers, and

(3) emergency lead weight which may be dropped in the
event of failures of (1) and (2);
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essentially the same life support system, in which CO2
.,is absorbed by a scrubber using either lithium hydroxide
or Sodasorb and i-a which oxygen is supplied from com-
pressed oxygen cylinders;

' propulsion from two 120V DC motors;

. lead-acid batteries, which are pressure compensated in
an oil-filled enclosure;

underwater telephones operating on 27 or 9 kHz and VHF
radios used on the surface;

• navigation instruments normally consisting of'a compass
and scanning sonar; and

mersible and, usually, one heavy-duty manipulator and one

articulated manipulator. I
The SDL-I has basically the same design, except that the main sphere is con-
nected by an access trunk to a diver lock-out sphere. Structurally this is
designed for 1000 ft lock-out operations and 2000 ft nonlock-out operations.
TAURUS, through a large increase in displacement, is able to carry additionalI electric power and compressed gases, making extended missions feasible either
in a diver lock-out mode or 1-atm transfer mode. AQUARIUS is a small submer-
sible of cylindrical design with batteries stored in 1-atm cylinders. Both
AQUARIUS and TAURUS have large (36" diam.) viewports.

Operational History

PISCES I-- PISCES I was launched in 1966 and in the following 6 years, prior
to being sold to Vickers Oceanics in England, it w¢as used for a variety of
commercial tasks. These included the recovery of torpedoes on a routine,
daily basis, a 21-dive mission in the Arctic regions including short excursions
under the Arctic ice, and the salvage of two vessels, the EMERALD STRAITS
and the HARO STRAITS from depths of 680 and 450 ft. These were 100-ton and j
130-ton vessels and the accomplishment of this job, using a submersible with-
out divers, was a historic first.

PISCES II--PISCES II was built under contract for the Vickers Oceanics. Be-
fore leaving Canada it recovered torpedoes from 2400 ft, and since working
in the U.K. has had tasks varying from excursions into Lock Ness to working
in the oil patch.

PISCES III--Hyco built PISCES III for company operations. Its tasks include
the missions performed in Hudson Bay related to oil exploration, work on sub-
sea wellheads off the Labrador Coast, and the burial of transatlantic cables
on the east shore of North America. PISCES III was sold to Vickers Ocea:ics
in 1972, where it has continued to perform similar tasks.
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PISCE'S, VI--Built under contract for the USSR PISCES IV ultimately became the
responsibility of the Canadian Department of Environment because of political
difficulties. PISCES IV is stationed in Victoria and has been conducting oceano-
graphic research in a variety of fields since its delivery in 1972.

PISCES V--The fifth PISCES submersible was built for Hyco and has been prima-
rily engaged in the burial of transatlantic cables off the east coast of
Canada. A notable departure from this work was the assistance in the rescue
of PISCES III off Ireland. PISCES V is presently working in the North Sea
under lease to Vickers Oceanics.

AQUARIUS--Conceived and built as a low-cost observation submersible, AQUARIUS
was launched in September 1973 and has spent most of its time in the training
of new pilots. However, its most interesting and worthwhile endeavour has
been the replacing of guide wires on a subsea wellhead off the coast of Prince
Edward Island. This was a very heavy duty and sophisticated work task that
had been considered more appropriate to the PISCES type submersible. It was
nevertheless attempted and the attempt was successful.

SDL-l--The Submersible Diver Lock-out 1 was built for the Canadian Navy and
since its delivery in 1972 has been operating out of Halifax by the Fleet Div-
ing Unit (Atlantic).

The future--The work that will be accomplished by submersibles presently under
construction can only be guessed at. Certainly these tasks will be, in part,
similar to those already accomplished, but it is equally certain the tasks
performed will be extended, primarily into the field of off-shore drilling
and production. Future requirements will be for greater endurance, larger pay-
loads, greater battery capacity, and an increase in manipulative ability.

The limitations of small submersibles must be faced squarely. These are

primarily in the area of electrical power and payload. However, as one in-

creases electrical power, and thus endurance, problems of personnel endurance '
begin to play a larger part. It is often said, with reference to the average
duration of a submersible mission, that the mission is over when the pilot
is too tired to continue. I would estimate that even now this is the case

at least 30% of the time. The other major restriction in submersible opera-
tions is the problem of the ship-sea interface. Two basically different launchI
and recovery methods are presently being used. In Canada, the method pre-
ferred (by Hyco) has been the ramp-recovery method. The MV HUDSON HANDLER
has made recoveries in 10-ft seas with 7-sec periods and 30-knot winds. Re-
coveries are, routine in 8-ft seas with 8-sec periods and 20-knot winds.

Life support systems have not been a restriction in the 1-atm submersible.
The primary criteria in any submersible operation is to ensure that the capa-
city of the system matches the particular conditions of the Job. Although
there are strict minimum-capacity standards for all operations, it is up to
the operator to arrange for larger capacities for specific missions requiring
longer endurance or where the possibility of entanglement is greater.

Life support systems in the submersibles built in Canada have generally
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been identical. Because of the restricted operations (normally not over
8 hr) the requirements of the system are minimal. 0 is supplied either at
a constant rate or intermittently in order to keep tIe pressure in the 0.02
to 0.22 region. C02 is scrubbed from air using either lithium hydroxide or
Sodasorb in order to maintain a C02 concentration of less than 1/2%. Emer-
gency breathing capability has normally been supplied through the storage
in the submersible of Drager re-breathing units. These are units identical
to those used in the mining industry. Environmental parameters such as humi-
dity and temperature have not been a factor in the PISCES submersibles. The
cold temperature of the surrounding water has normally produced a good con-
densing surface inside the submersible to maintain a humidity which, al-
though never pleasant, is at least tolerable. Temperatures also can be han-
dled through adequate clothing. The specific operation of the life support
system is described later in this report.

Operation under hyperbaric conditions is of course completely different.
The d'tails of this system are beyond the scope of this report and are covered
by other Workshop dpeakers.

Emergency systems in the submersible have occupied a great deal of atten-
tion. A number of unavoidable problems must be allowed for in the systems
designs. A real danger is the entanglement of the submersible on the bottom.
Hyco submersibles, starting with PISCES II have been equipped with jettison-
able propulsion systems. In addition, manipulator claws are jettiscnable to
allow ascent in the event of failure in the manipulator system. Emergency
systems should be independent of the systems used regularly and, in most sub-
mersibles, this consists of a hand-operated hydraulic system.

Flooding of portions of the submersible is also a very dangerous possibi-
lity. This, on a small scale, is relatively easy to handle through the addi-
tion of dropable weights, and large-capacity "soft" air tanks for buoyancy.
However, where large 1-atm chambers are involved, there is the possibility
(as exemplified by PISCES III) of being stranded on the bottom without enough
buoyancy to come to the surface. Although many had been aware of this danger
before the PISCES III accident, funds were not spent in preparing for it.
Since that time, every submersible company in the world has been engaged in
the development of emergency recovery systems. One of the major contributions
of this workshop committee should be to coordinate these activities and help
reduce needless and repetitive expenditures and to ensure that there is a
frequent and rapid exchange of design information so that--within the capa-
bilities of the companies and of the submersibles involved--the most suitable
system is always available.

Because of the deep operations (5000 ft) off Halifax necessary for the com-
mercial operations undertaken by PISCES V in the burial of transatlantic
telephone cables, Hyco was forced into the development of an emergency recovery
system. Advantage was taken of the recently introduced, very-high-strength,
low-weight lines available from such companies as Philadelphia Resins. In
conjunction with a syntactic float and the hydraulic power regularly avail-
able in the submersible's emergency system, this line was used to provide a
relatively fool-proof, simple means of floating a line to the surface. This
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line did not depend on complicated and chancy oaul-down or slide-down mech-
anisms, but instead was in itself a lift line with a guranteed minimum break-
ing strength of 12,000 ib; 6000 ft of line is carried. This system is coupled
with an air-lift bag system designed to provide enormous buoyancy near the
surface to overcome any major flooding possibility and to facilitate recovery
by the ramp method. This system is pictured in Figs. VB-I to VB-4.

Location of any object on the sea floor has always been difficult and it
is particularly difficult if an acoustic beacon "pinger" is not available.
The PISCES submersibles have almost always carried pingers aboard them and,
in fact, underwater telephone specifications have been modified to incorporate
a 20-watt pinger to ensure that an adequate signal-to-noise ratio was avail-
able. This must be considered the most reliable and fool-proof detection
method aboard. It was very unfortunate that the PISCES III did not have such
a pinger aboard during its operation.

Operation of the life support system - PISCES

There are two operating methods for controlling the carbon dioxide (CO2 )
and oxygen levels within the personnel sphere. Both methods have been used
with success and are equally safe.

Method 1--The first method is the most commonly used in PISCES submersiblea.
The procedure is as follows:

1. Immediately upon entering the submersible with the observer(s), the

pilot shuts the hatch, sets the barometer, records the cabin temperature and
pressure, and sets the timer to 30-40 min.

2. When the timer goes off, the scrubber is operated for 4-5 min. As
the absorbant lithium hydroxide cannister becomes depleted, operating time
is gradually increased to 10-15 min. The timer is used to measure scrubber
operating time, and reset to 30-40 min after the scrubbing cycle.

3. Immediately after scrubbing, the cabin pressure and temperature are
checked and immediate action is taken if a change of pressure cannot be
accounted for.

4. Oxygen is admitted to the cabin by opening the shut-off valve on the
02 bottle to near-maximum flow rate and letting the 02 flow in until the cabin
pressure is back to what it was when the hatch was first shut.

It is important to monitor and take into account cabin temperature during
the scrubbing cycle. Heat is generated during the C02-absorption process.
This causes the cabin temperature to rise at the beginning of the cycle, thus
increasing cabin pressure. The situation reverses later and the pressure J
drops. The principal disadvantage of this method is that the pilot, having
many things occupying his mind, may forget that the 02 has been turned on,
thus bringing the cabin pressure and the 02 concentration abnormally high.
The main advantage is that it compensates for changes in consumption due to
changing activities, or differences in an individuial's consumption rate.
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Method 2--The second method of maintaining a suitable environment has been
used by Ilyco in the past, particularly on SDL-l, and by other operators on
submersibles not built by Hyco. The procedure is as follows:

1. Same as Method 1.

2. Turn oxygen on and set the flow rate at 0.40 liter/mmn per man in the
sphere (i.e. 0.8 liter/min for two men). This flow is maintained throughout
the dive.

3. Operate scrubber as in step 2 of method 1.

4. Check cabin pressure and oxygen level regularly and adjust 02 flow
accordingly.

During an inactive period, such as while the submersible is being towed,
the flow rate can be reduced. On the other hand, during an operation requir-
ing much body movement, the flow rate should be increased. In practice, very
little readjustment of the 02 flow rate is required since the oxygen leve.
may be allowed to vary 1 or 2% above or below the 20% standard.

TraininS

Over 50 pilots have been trained during the last 5 years. The training
programs have varied from a very formalized approach to a regular "up through
the- ranks" approach. Many of the personnel trained have been given a psycho-
logical aptitude test. This has not been used as a selection criterion, but
rather as a method of accumulating data in the hope that the information would
be useful in future selection programs and in sorting out any majcr personnel
problems. The nature of this testing is reported under the next topic. Al-
though not conclusive, the results have been encouraging enough to recommend
the use of this test. The teaching guidelines are generally those recommended
by the Deep Submersible Pilots Association (DSPA).

Over the years there has been considerable conflict over the desirability
of submersible maintainers and pilots being combined. This has been Hyco's
approach, although it has not been followed by all our customers, particu-
larly the military. As operating companies grow in size and complexity, main-
tenance of this dual role may not be possible. However, it is essential that
all pilots be familiar with both the theory of operation and the maintenance
procedures. All pilots must be maintainers but, unfortunately, the reverse
is not always possible, nor desirable. Even within a group of pilots one
man will be much better at a particular submersible task than another. The
successful field manager will take advantage of this to the benefit of the
company and the customer.

A summary of methods of testing personnel and trainers of International
Hydrodynamics, Ltd. 1/

In June 1969, a research group at Simon Fraser University were reporting
on the physical fitness of individuals, using measured heart rate, ECG tracing,
rate of pedalling and load, and heart reat recovery time. The physician

1/ This summary was provided by Lolita Wilson, Associate! Professor, Assistant
to the Vice-President, Academic
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working witi. this group was also the Director of the Health Service at Simon
Fraser University and he asked for psychological testing of, submersible
trainees similar to the testing being done with their experimental physical
fitness group. The trainees were moved onto location in England almost
immediately after the tests were administered and individual interviews were
not possible. The assessments were therefore submit-ted as "blind" analyses
with all the reservations appropriate to such procedures.

The tests used were the California Psychological Inventory, which would
give some idea of the personal-emotional functioning of the individual, and
the Wonderlic Personnel Test. The latter. was used not only as a way of test-
ing the general level of intellectual functioning but also as a method of
recording whether the subjects worked quickly, accurately, neatly, and accord-
ing to the printed instructions; a clinical use of a paper and pencil test.
Reports were then made on the various individuals as they came through the
training program. Several of the subjects were members of the Canadian Armed
Forces and it was thought at one time that the Armed Forces would take over
the testing program. Follow-up on what 'these men have done in the past several
years, indicates that the tests predicted with considerable accuracy how the
individuals would function in terms of working as a cooperative unit and

whether they would remain with the project.

During this period, a senior student in psychology did a study of com-
mercial divers using similar tests and a new test called the Chromatic Dif-
fereaitial. He was able to describe something of the personality structure

Y.of these subjects, each of whom was a successful commercial diver. This in-
formation is-also available. We now have test results on more than 30 indi-
viduals together with pertinent follow-up information.

Without having done a thorough statistical analysis, it would be foolish
to make firm comments on the test results. However, it looks as though these
tests have been useful as predictors as they were not used for the purpose
of selection or posting. The tests were particularly useful in picking out
those individuals who would not succeed and indicating the reasons why they
would not succeed.

The NARWALL II submersible system for seismic data acquisition under the
Arctic ice. -

Arctic Canadian Continental Shelf Exploration System of Access has been
developing a submersible seismic system over the past two years. This
system comprises a quiet, hydrodynamically clean, Hercules-transportable,
3-man submersible; a precise navigation system; an implosive, no-bubble energy
source; modern digital instrumentation, and a 12-group 1/2 mile streamer.
This system is designed to provide 1200% CDP coverage under continuous tow
at 5 - 5 1/2 knots. It is proposed to operate at a depth of 88 - 100 ft
below the ice, and in water depths of at least 200 ft,

The advantages of this submersible system are: (1) the potential pro-
ductivity of a normal marine system, limited only by the mobility of the
surface support and positioning systems; (2) an extremely low noise level

2/ This section was contributed by J.jB, Prendergast and A.S. Lee from a
report to appear shortly in The Oil and Gas Journal.
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recording system; (3) a low-energy and downward directive source well re-
moved from the ice that shauld eliminate or at least minimize horizontally
propagated ice noise (flexure waves, etc); (4) massive recording for high

P, fidelity or "bright spot processing"; and (5) a regular and orderly control
grid unaffected by surface ice conditions.

The submersible NARWAL II has been designed by and is being built under
the supervision of Bill Rand, Technical Vice-president of Access. Mr. Rand
was project director of the BEN FRANKLIN Gulf Stream Drift Mission. Although

9 ~the vehicle has been designed specifically for seisnti(h wojrk under the Arctic
ice, sufficient flexibility has been built in so that, upon the completion
of a season's work, the submersible can be used for such things as pipeline
route studies with only slight modification. The characteristics of the
NARWA!, II are as follows:

Length 45 feet
Beam 8 feet
Displacement 57,669 pounds

. Airlift weight 41,49.9 pounds
Speed 5.5 knots
Range 111.5 nautical miles
Reserve 15.0 nautical miles
Max. operative depth 1,000 feet salt water
Endurance 90 man days
Crew 3 men

Lt has been designed with a fiber glass propeller to minimize electrical
noise. The prop has a large diameter and rotates at 60 rpm with only 15 hp.
applied to it.

Sea trials are expected to commence in December, 1974, offshore of Florida.
Under ice preparations will be made at the Western end of Great S lave Lake,
and it is expected that production surveying will begin in April, 1975.

Safety--The 90-man-day life support system provides a large excess safety

margin. The vehicle position is known to within a few hundreds of feet at
all times by acoustic pinpointing. The two surface vehicles are always from
0 to 30 miles distant and within 0 to 10 hr from the sub's position. A
helicopter is also equipped with a complete service module and could go to
the scene of the emergency.

To those on surface an emergency situation exists if the seismic source
stops firing. This may or may not be true on the submarine itself; for
example, any adjustment to the seismic system necessitating shutting the
source down would not constitute an emergency. In any event, when the source
stops the sub ib ..anelivered to rest against the underside of the ice and a
surface unit sent to its location. Once the vehicle has arrived within the
acoustic fix area, an underwater telephone is lowered into the water and
voice contact made with the sub crew and emergency procedures are decided
upon. If the problem is something that can be resolved on board, then the
surface crew stands by until this has been achieved. If it is a problem
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that requires outside assistance then a hole is augered near the submarine.
The sub would be positioned so that the cylinder could lock on to the hatch,
either by using it's own power or--if necessary--be put into position by a
team of divers. The main hazards are fire, flooding, and hull rupture.

Fire--The sub is equipped with an auxiliary bib oxygen system which the crew
would immediately put on as soon as the warning system indicated fire.
Standard submarine fire-fighting procedures can then be used.

Flooding--The hull is sealed completely except for the shaft area and, although
there is an inflatable collar on the inside of the shaft entry to the hull,
leakage could still develop. There are salt water warning systems in the
bilges and a hatch by which the after section of the sub can be inspected.
Should flooding develop, the submarine is brought up to the bottom of the ice
by flowing tanks or, if necessary, by dropping shot ballast. The crew will
pressurize the after compartment to equalize with sea water pressures at that
level and effect repairs.

Hull rupture--The most serious of submersible accidents are related to hull
rupture due to exceeding the rated depth.

Since the NARWAL will be operating approximately 100 ft below sea level,
some 900 ft above its rated depth, hull rupture is a very remote possibility.
Nevertheless, should the sub start down, there are some 5000 lb of releas-
able shot ballast built into the keel section. With an additional 5000-lb
buoyancy a sub of this size will rise immediately to the under side of the
ice. If it becomes necessary for the crew to abandon, the central section
can be pressurized as a lock-out chamber and the energy source removed from
the hull; the crew can then don scuba gear and exit the hull through'this
port.

O.M.I. Arctic navigation system-.-The navigation system is a time-base system
using rated caesium beam atomic clocks standards, a time-differential tech-
nique using the low-frequency transmitting stations such as Omega for gross
positioning. At a master stationary position on the ice, a minimum of two
different low-frequency transmitters are monitored. As long as these trans-
mitting stations are atomic-clock controlled then variations in times of
reception of the signals from these stations will be due to variations in
the propagations paths of the transmitted signal for whatever reasons. Since
it can be safely assumed that within approximately 50 miles between receiving
points the same propagation paths errors will be common to all the local caesium
clock-controlled receivers. The time differences of the same event being
received by the slave stations in relation to the master station therefore
represent range when converted to distance using the speed of light. Using
four such master and slave units set outside a 40 mile by 40 mile area, then
the control for the area within is established. The vehicular atomic-clock
receivers are rubidium-clock based with a short-term stability and lesser
expense and size as compared to the caesium-clock recievers which have long-
term stability and greater size. Because of the short-term characteristic
of the rubidium clocks they must be up-dated against one ot the caesium clocks
periodically. A fifth such clock will be installed in the helicopter used to
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transport the crew, and, in the case of emergency, service equipment. Since
the helicopter will be at the exit or entry point of the submarine during each
crew change or within a 12-hour period, then the submarine clock can be re-
rated at this time along with the rubidium clocks in the tracked vehicles.
The travelling master clock will also be used to tie the positioning system
on the surface of the ice to absolute geodetic points at the nearest land
fall.

On board the submarine and other moving vehicles, the same far-distance,
low-frequency signals will be received and corrected in the same fashion as
those on the surface of the ice. The crew will have a plot of their progress
made along track (their position left or right of track 8: well as the ranges
from any two of the surface master or slave points). The sensivity of the
navigation system is one nano-second or 0.9 ft; however, propagation-path
unknowns and variations will increase this noise envelope to + 3 ft over the
surface of the ice and probably + 50 ft under the surface of the ice.

Seismic energy source--The Seismovac Monopulse pneumatic rebound Seismic
Source has been described in Geophysics (Vol 37, No. 1, February 1972), The
principle of operation is as follows:

A cylinder contains a sliding piston which is initially positioned at the
open end of the housing. A partial vacuum is created inside the cylinder,
and a clamp holds the piston in place against the external hydrostatic pres-
sure. At the firing instant, the clamp is released and the pressure differen-

:i'. tial accelerates the piston inward. As the piston accelerates inward, its
velocity increases and the internal pressure rapidly increases as the gas
inside the cylinder is compressed. At some point this compression causes the
internal pressure to equal the external pressure and the piston velocity is
at a maximum. Due to inertia, the piston compresses the gas to well over
the external pressure, and generates a positive pulse of acoustic pressure
many times greater than the initial negative wave. The large internal pres-
sure causes the piston to rebound as if driven by a spring. A second down-
stroke is prevented by restraining the motion of the piston.

The signature of the signal is considered to be stable and is relatively
free of following pulses. The frequency spectrum is all in the seismic
range between 10 and 100 Hz. The output and frequency content can be varied
by changing the initial pressure differential.

Seismic instrumentation--A set of DFSV digital, floating-point binary-gain
instruments will be mounted on the rear bulkhead of the cabin. It is essen-
tially a miniaturized version of the DFSIV's. Twin tape decks will ensure
continuous data acquisition. A flatbed, single-channel sequential recorder
will complete the onboard instrumentation.

Seismic streamer--The streamer comprises: five 50-m isolation sections,
twelve 50-m live sections with acceloration cancelling hydrophones, and
depth recording and waterbreak sections. This will give a maximum source-
defector distance of 1/2 mile. The streamer has an outer diameter of 1.1
inch and is connected to the submarine through the propellor drive shaft via
a specialty designed plug equipped with an hydraulic jettisoning device.
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The st..eamer will be initially balanced with the aid of divers; it will
have slight positive buoyancy so that when the sub is, at rest the streamer
will rise to the bottom of the ice. It is not envisioned that it will be
touched except to replace dead sections.

Surface-support system--There are three surface-support service modules -

that are fully transportable by either helicopter or tracked vehicle. One
of the service modules in the field has a large diesel generator to be used
for recharging the batteries at the end of each 31-hour cycle; otherwise the
systems are identical. This includes ice augers (a means of putting the
cylinder through the ice and latching onto the submarine), mooring devices,
underwater communication equipment, and divers. The spare system remains
at base camp except for emergencies, for a breakdown of one of the field
modules, or for when a helicopter move is dictated by the grid pattern.

Method of operation--The normal cycle for the submarine will be a 9 hr tra-
versing, 1 hr of crew change, another 9 hr for traversing, and 12 hr of bat-
tery charge. During this 31-hr cycle some 100 statute miles of seismic data
will be acquired.

The basic and most efficient survey traverse for the submarine is 40 miles
along dip and 10 miles along strike. This can, of course, be modified to
a 45 x 5 or a 35 x 15 or any variation of this sort. The suggestion of a
basic 5 x 8 mile survey grid has come up and obviously this fits very well
with the 40 x 10 efficient traverse.

With the submarine moored to the service module through the cylindrical
trunk, the batteries are charged; the crew is changed; and tapes, supplies,
and scrubbers are replenished. Meanwhile the second service module is posi-
tioned at the exit point, a 42-inch hole is augered through the ice, and the
acoustic and underwater telephone systems are placed. The sub then comnmences
its traverse and the entry point remains on location until it is obvious
that the submarine is within the reach of the exit-point station. The entry-

point service module then moves to its next location and prepares to recieve
the submarine back from the previous exit point.

The system of mooring is as follows: when the sub gets within underwater
telephone range of the exit hole, it is instructed to position it immediately
down current from the exit hole. A small hole is augered a precise distance
up current from the exit hole and a mast is lowered. The submarine pilot
opens the clam shell at the forward end and also the hatch on the top side,
which puts the ice scrubbers in place and exposes the midship transverse
thruster. By opening the forward clam, the fore and aft vertical and lateral
thrusters at the bow are exposed as well as an arm with a clamp attached.
The operator also has lights forward to illuminate the last part of his dock-
ing procedure. The submarine then proceeds up current on its thrusters until
the mast is grabbed. The midships traverse thruster is used to slowly posi-
tion the boat with its hatch precisely under the cylinder that has been low-
ered from above the ice. Once the hydraulic seal has been made, the water
is pumped from the cylinder and access to the submarine achieved. The two
other masts aft are to hold the submarine so that no torque is applied to
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the cylinder.

Conclusions--The described system is expected to produce seismic data of at
least comparable quality cO that achieved by conventional means.

It has however, two big advantages: high productivity and a regular con-
trol grid.

In the first operational season, sorties will be made under the ice pack
in the Northern part of the Sverdrup Basin to discover some of the difficul-
ties that may be expected for this type of work. There is no reason to be-
lieve that the submersible could not be used to achieve a radial, .flower
petal-type pattern from a series of locations on the Arctic pack. It may
be possible to modify the present approach in some manner by using helicopters
so that a rectangular grid could be obtained. The ramifications of success
in this direction are obvious: it opens up not only the'Northern part of
the Sverdrup Basin but also the Beaufort Sea and such other prospective areas
for hydrocarbons as offshore Alaska. In addition to its under-ice capabili-
ties it may be that with present power developments such as fuel cells or
small nuclear engines that the time endurance of NARWAL can be increased suf-
ficiently to make it competitive for surveying in the rough water areas of
the world such as the North Sea and the North Atlantic.

SEA OTTER Submersible

Specifications of the SEA OTTER are as follows:

Length . . . . . .. 1.3 ft Hatch Diameter . . . 19 inBeam . ....... 5 ft Life Support (Max).. . 200 man hr

Height .......... . 7.2 ft Total Power Capacity. . 13.8 kilowatt-hr
Draft . . . . . . . . 5.5 ft Speed (knots) Cruise. . 1 @ .6 hr
Weight (dry) ..... 3.2 tons Max . . ..... 3 @1.5 hr
Operating Depth . . . 1,500 ft Crew: Pilots ...... 1
Collapse Depth . . . 3,650 ft Observers . . . . 2
Launch Date ..... 1971 Payload . . . . . . . . 550 lb

Pressure hull--Two 0.625 inch thick, section welded, mild steel, hemispheric
sections are welded to the ends of a 0.75 inch thick, 57.0 inch long, 48.0
inch wide, mild steel cylinder, with a 0.75 inch thick, 19.0 inch diameter,
hatch tower welded in with doubler plates to the pressure hull.

Ballast/buoyancy--This sub is launched positively buoyant. Buoyancy is con-
trolled by two 250-lb main buoyancy air/Aater ballast tanks and two 62.5 lb
forward trim Vr/water ballast tanks. The tanks are alternately flooded and

vented 500 ft @ 3000 psi air flask.

Propulsion/Control--A 3-hp DC Motor drives a 9 x 15 inch propeller for main
propulsion. Two 1/2 DC horizontal thrusters, located fore and aft, provide
steering along with a hydraulically controlled rudder mounted on the main
thruster, which serves as a trim tab for use in cross currents. A 1/2
vertical thruster is mounted forward. All thruster and main propulsion
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motors are air compensated.

Trim--Bow angle and fine trim are controlled by hp air and water In either
the main or forward ballast tanks.

Power source--Twelve 2-volt, lead-acid batteries provide 13.8 kilowatt-hr.
They are located inside the pressure hull and are equipped with catalyzers
to eliminate hydrogen.

Life support--Three 40-ft 3 tanks of medical grade oxygen supply the life
support system. Scrubbing of CO2 is accomplished by recirculating through
a 6.4-lb lithium hydroxide cannister. Three cannisters provide 192 man-
hours of available life support on each dive. CO2 and 02 percentages along
with atmospheric pressure are monitored. A back-up emergency breathing
system, air supply through mouthpieces, is also provided.

Viewing--Four viewports are provided forward for the pilot and passenger,
along with two viewports along the side to accommodate reading externially
mounted in situ instrumentation. Three viewports are located in the hatch
tower, providing 2700 of viewing. Ono viewport is located in the hatch,
providing visibility toward the surface.

Operating and scientific equipment--Two underwater communications systems
are provided; 27 kHz primary, 42 kHz secondary. A directional gyro compass
and a narrow horizontal bandwidth 27 kHz receiving antenna are provided for
navigation, along with five air-compensated lights totaling l.5x10 6 candle
power of illumination. Also provided are; external depth and temperature
gauges, pressure gauge, a Hydro Products 400-exposure, 70 mm camera and
strobe, 16 mm cinecamera with a capacity of 400 ft of film and a video
camera along with both audio and video recording capabilities. A 23-channel
CB radio is provided for surface communication and DF location. A 27 kHz
pinger for location, tracking and diver-submersible rendezvous operations
and an upward/downward-looking echo sounder.

Manipulator--The NAR Beaver MKI Manipulator gives all the degrees of free-
dom of the human arm and hand plus 3600 rotation at the wrist and a wrist
extension. Additional tools are available and can be provided on the mani-
pulator for specific tasks. An "A" frame which is hydraulically controlled
is also provided and is utilized as an attachment point for core samples,
cable cutters, collection basket, and many other simple tasks and applica-
tions as required.

Safety features--A 200-lb, mEchanically releaseable, emergency-ascent
weight and a releaseable buoy and messenger line that can be released by the
pilot through :i hull penetrator are included. A magnesium release pin is
used, which will also provide release if the piloL is incapacitated. The
messenger line is used to send down a self-locking clamp and lift line.
The submersible can be retreived even if flooded. Fight hours of emergency
breathing air is also provided.

Surface-shore support--The sub can be transported by aircraft, ship, truck,
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or trailer. It is normally on a trailer and can be launched from a small
boat-launching ramp, can be towed at 4 - 5 knots, and tows completely
submerged.

The refitting of the AUGUSTE PICCARD 3/

The refit of AUGUSTE PICCARD at Horton Maritime Explorations, Ltd., in-
cludes the design and installation of ordinary and emergency life support
and safety systems. This design is not yet complete and installation has
not started. AUGUSTE PICCARD was initially used to carry passengers in
Switzerland. Up to 45 persons were carried at a time, the dives lasting
about an hour. The free-air volume within the boat was sufficient for the
number of people for this time period to keep the carbon dioxide level below
1% without any air treatment. Between dives the boat was flushed with a high
capacity blower. Emergency life support equipment consisied of 7 bottles
of medical oxygen of 50-liter capacity, each at 200 kg/cm pressure and of
soda lime through which a fan forced the ambient air. The complete system

9 was designed for 90 man-days of life support; it never had to be used. A
head with a holding tank was present for human waste elimination; this was

" •rarely used.

An emergency drop-weight system consisting of iron shot in hoppers
equipped with magnetic valves was installed in the main ballast tanks. This
system similar to those used on other Piccard-designed submersibles, is quite
effective if fresh shot is used for each dive; repeated surfacing and diving
causes the shot to rust together, however, and the system becomes unreliable.

AUGUSTE PICCARD was operated in 1973 and 1974 on a test basis without much

change in the configuration it had in Switzerland. The major change was the
substitution of solid-lead emergency ballast release weights for the iron
shot system. The new system used manually operated hydraulic actuators as the
ballast-release mechanism; the system never had to be used in practice1= but f.t worked well in tests. The existing emergency life support system
was checked out but never used. The longest dive was of 5-hour duration,
with nine men aboard; even though smoking was permitted at times, the carbon
dioxide level stayed below 1% without any air treatment.

During one operational period AUGUSTE PICCARD was used only periodically.
In the nonoperational intervals the temperature inside the hull approached
ambient water temperature (about 45*F in the winter) and the relative humidity
approached 100%, with consequent precipitation of moisture. During operations,
electrical power dissipation and crew body heat caused the internal tempera-
ture to rise 200 to 25*F and the relative humidity to fall to about 85%.

The refit will accommodate a live-aboard crew of six. (Additional people
can be carried on a short term, or "hot bunk",basis .• The fresh and waste
water systems plus the head installation have been redesigned. A head-shower
combination is being designed. A day-in, day-out operating sequence of 14
hours submerged and 10 hours surfaced for charging is envisioned. Normally,
with six men aboard, the contained boat air will suffice. However, with addi-
tional passengers, longer submergences, or in the event of an emergency, air
treatment will be required. Passive lithium hydroxide panels will be used

SThis section was contributed by D.J. Morecombe.
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for carbon dioxide removal. An immediate emergency (flioding, fire, and smoke)
breathing system will also be installed.

Heat, not cold, will be the main problem during operations due, mainly,
to electric power dissipation and heat stored in the batteries during charging.
Air conditioners will be installed to keep the engine room below 90*F while
the diesels are running (surface only) and to keep other areas comfortable
with respect to temperature and humidity at all times.

Conclusion

The submersible industry in Canada, as in the rest of the world, is very
customer oriented. Submersibles cannot be designed or built in a vacuum.
The end use should be defined before construction begins. This is the major
challenge presently facing both manufactureres and operators. What problems
will be encountered tomorrow? Who will the customer be? What will he want
to do? Where will he want to do it? A lively and creative imagination is
tremendous asset in aiiy area of the submersible business, whether you are a

potential user or a supplier.
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C. THE SUBMERSIBLE PROGRAM IN FRANCE: F. DREYER

Deep diving research submersibles from France and the United States
have embarked upon a three-year international scientific program, called
FAMOUS (French-American Mid-Ocean Undersea Study). They will make a de-
tailed study of a submerged mid-Atlantic ridge which lies 200 miles south
of the Azores, which has not yetbeen studied at close range. The study
is expected to furnish direct knowledge of how the earth's continents and
oceans were formed, information that bears directly on the formation of
metallic ore deposits and oil accumulation.

The submersibles have collected samples and emplaced instruments on the
ocean floor to provide a continuous supply of precise data on the dynamics
of sea floor spreading and the emergence of new crustal material.

Following two years of site surveys and training, a fleet assembled on

site in the summer of 1974. The French bathyscaphe ARCHIMEDE and French
submersible SP-3000, the U. S. ALVIN, and four surface ships carried out the
most extensive deep ocean manned submersible study ever undertaken.

Each of the deep-diving research vehicles had special assignments to make
best use of their differing capabilities. The SP-3000, which has a high
degree of maneuverabi]ity, was used for rapid visual reconnaissance and for
studies within the rift valley of the mid ocean ridge. ARCHIMEDE,ý a bathy-
scaphe designed for maximum depths and heavy payloads but in relatively
gentle terrain, explored the fracture zones of the sea floor.

A special training program was designed for the scientific divers. This
included practice dives in all submersibles, field trips by divers and pilots
to Iceland and Eastern Africa where similar terrain is located, and workshops
for establishing priorities on the types of observations to be made during
the various dives. Navigation and sampling instrumentation were developed
that are interchangeable among the submersibles. Materials that follow de-
scribe ARCHLMEDE's scientific devices.

ARCHIMEDE SCIENTIFIC EQUIPMENT 1/

Technical Description of ARCHIMEDE Navigaton Systemn

Basic system

The system includes:

ship one transceiver, four channels

one transducer in a tonned fish
one calculator
a classical surface-navigation system

i/ This section oi ARCHIt, iDE was contributed hy J.F. Drogou, A. Farcy,
J.L. Michel and 1. Semac.
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submarine one special transponder

• two to four transponders (See Fig. VC-l)

Prelimninaiy step: transponder calibratibn.--After launching. t'ransponders accord"-?
ing to a relief-compatible geometry, a transponder array survey determines, ... ,
the reliitive positions of'the transponders as accurately as possible..

V. " S-tep I: . 1S'hit6calization and submarine distance--Initiated':a.t time t= 0,
the ship interrogates (16 kHz) the n transponders and the submarine -trans-
pohder, so we have . . ,

P x ta 2 d

Lbn =2 D

Step I••-he submarine transponder, after a precise..delay, emits a delayed
interrogation (16 kHz) toward other tran.,liondees; tie ansvpr igi demodulated
by the ship, so we have: ,

Ptcn = 2 (d 4- d + D)

By -alculation we have en the ship in XiY.system the coordinates of the'ship
and the submarine.

F.AMOUS results 'at 3000 depth 9" . .,

The FAMOUS navigation vas made in very. sharp terrain. In 1973 and, 1974,,
60 transpdnders were moored. Three transponderscommonly were used, ýormihg .

an equilateral triangle with 3000 0to"40JO meters sides an6 2503 to 3000 meters
immersion. Because of the terrain, transponders were 150 m above the bottomý.'.
occasional surface reflexions were manually calculated with good results.
Between the 1973 and 1974 surveys one transponder was lifted.as a marker,

Estiuated accuracy--1his ship had a navigationradius of. iO;,m for a station.
The submersible had a navigation radius of 10 m for a station.

6000 M extension

Thc array specifications are the same as described abuve. The preci±ion
of Lhe submersible localizotion, according to the degree of improvement chosen,
may be estimated between 5 and 30 m.

ARCHIMEDE Sampling Equipment

Telemanipalator--The telemanipolator has one hydraulic arm, 8 degi'ees of free-
dom; it can lift 150 kg at itE maximum elongation. Opening of the claw is
28( mm, It workE at 6000 m depth (components tested at 10,000 m) and has twr
baskets with two compaitments for sample collecting.

Tools--The hydraulic arm can operate various tools, such as rsediment ,.orers,
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sample nets-, geological toools, etc.

Water sampling system--Twenty water bottles (0.5 liters) can be taken on
each dive.

Description of ARCHIMEDE.Photographic and T.V. System

Photographic system

The time of every shot is recorded in two independant ways on the photo
itself by a clock and in the submarine sphere on a synchronized recorder.

Port--The port system is composed of two 500-shot, 35 mm Edgerton cameras,
a stereo set, and three flashes. At 1.30 m from the ground, the two cameras
photograph the bottom. The camera axes are bent 150 from the horizontal line
and 30° from the ship axis (field 360 x 270 in water).

Starboard--The starboard system is composed of a 500 shot Edgerton camera and
two flashes. At 2 m from the ground, the camera photographs the bottom. The
camera axis is bent 470 from the horizontal ?4ne and 45' from the ship axis
(the field is common to the starboard viewport).

Front--At the front a camera can photograph the samples taken by the sampling
arm. It can make 20 shots without any flash, under-beams.

T.V.

The T.V. system is composed of three T.V. cameras, one at the back; one
starboard, in the same position as the photo camera; and one at the front in
the axis of the submarine. These T.V. cameras are at high resolution (10 MHz)
and high sensibility. A computer can choose the camera that will be seen on
the monitor and recorded by the video-cassette recorder of the sphere (band
with 2,7,MHz). A digital display enables one co see and record the time of the
date-logging system on the screen.

Description of the Existing System of Data Acquisition and Analysis of
ARCHIMED_

Data: pressure, temperature, heading, altitudes

Two pressure captors and their electronics work '.ndependently and continually
with an accuracy of 0.5%, and a resolution of 1 meter. A silistance captor
measures the temperature--resolution 0.0030. A platinum probe captor has a
resolution of 0.001* and an accuracy of 0.1C between 0* and 20*C. A preci-
sion digital echo-3ounder has an opening of the beam 150 at 3 dB and a resolu--
tion of 1 m at a range of better than 70 m. A captor and an electronic repeat
the heading with an accuracy of 1V.

Magnetic data logging system

Eight parameters are recorded: time, pressurel, pressure 2 or temperature
(platinum probe) or altitude, heading, temperature (silistance), and three
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available analog inputs. The clock of this data-logging system sends syn-
chronization impulses to the recorder of the Furumo echo sounder. Three dis-
plays are drifted from this data-logging system to repeat the time twice and
the headin6 once. The time is also drifted and mixed to the T.V. frame. The
eight parameters are recorded every 10 sec on a mini-cassette (15 hr can be
recorded on one cassette).

Analysis oZ 14ta--A rack enables the quick restitution of the recorded para-

meters (eight parameters recorded in 10 hr are restited in 1 hr).

Miniatures photographic recorder

The following discrete parameters are recorded: minute marks. of the main
clock, marks of port side photo, marks of starboard photo, and marks of the
camera photographing the sampling. A simple development system enables to
get the information of one dive in 1hour.

Navigation devices which can give scientific information

A panoramic sonar with a range of 500 m on jdssive echo describes the shape
of the surrounding landscape, even of its nature for a qualified operator.
The picture on the oscillograph is photographed on a 35 mm camera in the same
time as the time of the main clock. A second echo sounder, recorded on paper,
gives the altitude; its range is 300 m on flat bottom. The minute marks coming
from the main clock are recorded on the same paper.
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D. THE SUBMERSTBIB ,PROGRAM IN JAPAN: H. ISHIKURA

The postwar scientific undersea submersible program in Japan began with

,KUROSHIO built in, 19,51. :.The submersible was, built, by. Nippon Kokan. KK. for the
Faculty of 'Fishery of the Universityof.Hokkaido as, a-diving,.observing cham-
ber for marine biological. studies in shallow waters around Hokkaido. Subse-
quently, it was equipped with a propulsion system for mQvement underwater.
Since launching, she has actively been engaged in the observation of fishing
grounds, fish habitats, and general seabottom'conditions; collectionof plank-
ton and other. samples; photograph of .plankton, fish .and fish-.nets; t-esting
of underwater oceanographic instruments; and geological studies, of the. seabottom
including the site proposed for the construction of an undersea! tunnel connect-
ing Honshu and Hlokkaido. She was very active during 1952-54 and again during
60-63 and by 1971 she had completed more than 700 dives. In 1970 she was com-
pletely rebuilt and the major characteristics are described in Table VD-l.

Table VD-I
The characteristics of the KUROSHIO

Length overall (from extreme point of arm to aft 11.8 .m -
end of Vertical. rudder)

Width 2.2 m

Depth (from bottom of platform to upper deck) 2.25 mT
Depth overall (from bottom of platform to 3.2 m K_

top of hatch) '

Draft (surface condition) 1.9 m
Diameter of pressure hull (out side) 1.5 m
Weight In air 12.5 tons
Maximum operating depth 165 m
Crew 5 men
Durabili ty 5 men 24 hr
Propeller (3-blade solid type) 1 unit

diameter 800 m
mevo rA4tion 290 rpm
motor AC 400 V 3 phase 60 Hz/

7.5 KVA
Speed (submerged) ab. 2 kts
View port

diameL ers 3 of 160 mm
7 of 120 mm
6 of 60 mm

Steering gear
D)Iving plane bow 1

Stern 1
Rudder 1
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Table VD-l (continued)

Ballasting system
(a) ballast tanks

capacities fore 240,)
aft 180,9

drain pump 25kg/cm2 x 27 t/mmn 1
(b) main tank

capacity ab. 1500 x 4
high pressure air flash 150 kg/cm2 x 401x 2

Life support system
Fan (1l00V 100w) 1
Carbon dioxide absorber I
High pressure oxygen flask 150kg/m 2 x 7,C x 3

Training chain
Diameter 30 mm
Length 5Sm
Hand hois t I

Electric supply cable
Diameter 36 mm
Length 600 irn
Composition 3 phase power cable

telephone line x 2
TV coaxial. cable

- L

communication line

Power transformer tension member (9 mm steel. w .ire)

3 phase 6011z 10 KVA
primary 400 V
secondary 200 V,100 V

Navigation and observation equipment
Depth guage (10 m x 1, 200 m x .,2
"Clinometer 1
Echo sounder (consists of 3-transducers; upward, I

downward, forward)
[TV camera and monitor 1
Seawater leak detector 1
Faood light (100V 100W) 5
Interior lighting (low) 3
Telephione (for communication with 1

mother ship)
Photogra~phiic equipment I
Hand-ope rated sounding machine 1
Fathometer 1 *1
Tidal current meter I
Azimuth finder I

temergency equipmnent
oquallung 5 sets

Li fe Jacket- 5
Mask 5
Fire ectuingciainler 2
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Following KUROSHIO, two small submersibles christened HAKUGEI and YOMIURI
were built; the first hy lleiwa Kosakusho for Tokyo Salvaging KK and the second
by Mitsubishi Heavy Industries for Yomiuri Newspaper KK. HAKUGEI, built in
1961, is a work submersible for various investigations and small scale civil
engineering operations in water to the depth of 200 meters. However, her re-
cent activity is not reported. YOMIURI was owned and operated by the news-
paper company in the interest of science. Following her launch in 1964, she
was used for the collection of deep sea fish and corals, photographing and
video-recording of the seabittom for mass communication on the continental
shelves around Okinawa, Australia, and other parts of the Pacific. However,
she was grounded on the shore 'of Hachijo Island in October 1970 during a ty-
phoon and ultimately abandoned,

Table VD-2

YOMIiR I

Propulsion Life support
Endurance (hr) 6 @ 4 knots 24 Normal 48 Maximum

Length, LOA, (ft) 48.5 Air weight, dry. (lb) 77,900
Submerged display

Beam J0t) .8.2 actual, not molded (1b) 82,300

Height, (it) 9.2 Payload (customer) (lb) 1i900

Operating depth: 100 ft

Crew, operator(s) + observer/passenger 3 + 3

Pressure High tensile steel, Hatches, number,,
hull 0.63 thick; welded position, and inside 1.25 dia.

cylinder, hemihead diameter, (in) amidship
f.aft, dished head fwd;

6.75ft dia. x 30.8 ft View ports, number, 3,,4.7 dia.
conning tower amid- position, and small 4, '2.36 dia.
ship diameter, in) _ _ _

Manipulator Hlydraulic/mechanical arm fwd. Vertical lift (ib) 110

Main Battery: lead-acid Description
power Type Diesel engine _

source Mihon Denchi. 25 hp. 900 rpm diesel/electric aux.
Make Mitsubishi diesel for battery charging; alterna-
Air Battery: 4770 tor for ac load, 50 cell, 450 A-hr,
weight Diesel: 1680 battery, 100 V, dc, 45 kW-hr.
(i1b)

Propul- Number Single propeller Motor(s) 2 diesel engines. 1, 12-kW
sion of units at stern and i00 V-dc motor, 1000 rpm.

and lo- propeller Drives reduction box for stern
cation _ propeller, 3-blade, 33.5 in dia.
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Table VD-2 (continued)

S sed, (knots) 2 Cruise 4 Maximum

Manual control of rudder and diving plane located aft of pro-
Maneuvering peller, 3 sea water tanks, 6000 lb, four main buoyancy tanks,

,17.720 lb. Blow with 1780 osi air in 5 cylinder, 19.5 ft.

Emergency Two droppable keels, 1760 lb water weight, total. Access
features trunk to be used as escape trunk' 6 sets of scuba sear carried.

Support Surface ship TAKUSEI MARU. Gross tonnage 162 .(metric)
vessel _

SHINKAI, built in 1969 by Kawasaki Heavy Industries for the Science and
Technology Agency has been operated by the Maritime Safety Agency ever since
her. launching, (see Tables VB--3, 4, and 5). Having a depth capability of
600 meters, she haR been employed for undersea scientific investigations,
testing of undersea instruments and other purposes by a number of government
agencies and research institues. Through the end of 1973, she made a total
of 182 dives covering 475 hours and 37 minutes. Most of her dives were con-
ducted off the coast of western half of Japanese Archipelago.

Table VD-3
Characteristics of the SHINKAI

1. Principal Dimension
Length overall 15.3 m
"Width 5.5 mI Depth (from bottom of keel to top of 5.0 m

super structure)
(from bottom of keel to top of sail) 7.0 m

Draft 4.0 m
Di placement ab. 85 tons
Diameter of pressure hull (fore and aft sphere) 4.0 m
Maximum operating depth 600 m
Crew 4 men

(Pilots 2 men)

(Observers 2 men)
Speed (Submerged) Maximum 3.5 kts

Normal 1.5 kts
(Surface) Maximum 3.5 kts
(Towed) Maximum 5 kts
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Table VD-3 (continued)

Endurance at maximum submerged speed 3 hr
at normal submerged speed 10 hr

Life support 48 hr

"2. Main Equipment
Main propulsion motor 11 KW 1
Auxiliary propulsion motor 2.2 KW 2
Battery, preserve in cil bath 2000 AH
Main propeller 1
Auxiliary propeller 2
Ballasting system (main ballast tank) 1 set

flooding and blowing system)
(auxiliary ballast tank 1 set
flooding and blowing system)

(trim tank
flooding and drsining system) 1 set

Trim pump DC 100V 0.75 KW 1
High pressure air system 1 set
Life support system 1 set
Air cooler DC 100V 0.75 KW 1
Dehumidificator AC 1OOV 200 W 1
Hatch I.D. 500 mm 4

I.D. 600 mm I
View port effective diameter 120 mm 3

50 mm 2
Trailing chain (chain device for sort landing-at 1

sea floor)
Hydraulic system DC IOOV, 3.7 KW

operating pressure 105 kg/cm 1 set
Flood light 500 W 7

Do 100 W 10
Ballast jettisoning device 1 set

Automatic tank blow system I set
Rescue capsule 1
Bilge level alarm system 1 set
Life saving system, life jacket 4
Fire extinguisher I

3. Navigation and Observation Equipmenc

Gyrocompass (with repeater 1 set) 1
Speed meter (vertical and axial direction) 2
Depth gauge (one self-recoring type) 4
Clinometer 3
balometer 1
Clock 1
Altitude and depth sonar 1
Obstacle avoidance sonar (upward, downward, forward) I
Listening sonar and pinger (dropable) 1
Underwater telephone 1
Emergency underwater telephone I
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Table VD-3 (continued)

VHF radio 1
Transponder 1
Interphone 2

V Thermometer 1
Flash light 1
Manipulator 1
Plankton net 3 sets
Sea water sampler I set
Sediment sampler 2 sets
Underwater television (2 cameras with pan mechanism) 1 set
Sound speed measuring equipment I set
Bottom current meter (thermister type) 1 set
Salinometer 1 set
Salinity, temperature, depth meter 1 set
Transparency measurement 1 set
Seismic profiling system 1 set
Radiation measurement (scintillation counter) 1 set
Heat flow measurement 1 set

L 7; Magneto meter 1
Tape recorder 1
Under water camera (stereo type still camera x 2 1 set

movie camera x 1)

Table VD-4
Diviing activities of SRV SHINKAI since launching

Number of Number of
Vear days dived dives Total hours Sea area

1968 2 4 4 h. 37 m. Training
1969 34 60 101 28 Off Komatsujima

Off Kannoura
1970 19 22 78 48 East and western

section of Sagami
Bay, Off Chofu
and off Kannoura

1971 33 38 121 14 Western section
of Wakasa Bay,
off Kannoura

1972 23 23 77 06 Off Kannoura
1973 30 35 103 18 Off Ito and Yura
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Table VD-5
Diving activities of submersible SiINKAI in 1973

Date Operation Sea Area Agencies Number Depth

May I Put to sea
May 7 Test dive Kannoura Maritime 2 102 m

Safety Ag.June 2 Test dive Kannoura same 5 405
June 4 Landed
July 19 Put to sea Off Ito sante 2 430July 16 Test dive same same 1 315Inspection same Radio Regula- I 385of under- tory Bureau

sea cable
Seabottom same Geographical 1 205gravity m. SurveyTest photo- same same 2 116
graphying
Observation same Hydrography 3 536
of layer Department
Biological same Fishery Ag. 2 522observationSediment same Industrial 2 416

study Sci. Tech. Ag.
Sept. 19 Landed
Oct. 31 Test dive Off Yura Maritine 1 67

Safety Ag.Biological same Fishery Ag. 3 91
study
Undersea same Hydrography 2 85camera test Department
Sediment same Industr. Sci. 1 70study Tech. Ag.Seabottom same Hydrography 2 83
gravity mea- Department
surement

Dec. 23 Landed

Very recently th'e former Captain of the SHINKAI, Mr. Kato published adetailed report on his experience during the operation of this submersibleand specified the modifications which he-deemed necessary. Among these, thefollowing are considered the most important.

(1) Environmental control in the hull--Although the air supply systemwas originally designed to be sufficient for three dives to the maximum depth,two dives are considered the appropirate limit because of the need to reserveair for bJowing water out of the ballast tank should this become nek~essary.
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The environmantal -lontrol capacity was designed to sustain four men for
48 hr, but taking the possibility of an emergency into consideration, each
dUve should be limited to 5 hr. The capacity of the air-circulating system
should be checked with reference to the uniform distribution of oxygen, and
efficacy of the canister for removing carbon dioxide, and of the moisture
removing system.

(2) Capacity of batteries--It was found that almost one-third of the
total electricity was consumed by each dive. Accordingly, the batteries
should be charged every two dives, since charging after each dive would
have an adverse effect on the batteries.

(3) Outer view--Although a clear view forward is obtainable through the
central window as far as the illuminating light reaches the view was limited
to just below the bow at proximit,,. Diagonal view through right and left
windows was remarkably dark. Through these two-windows b' h the forward
view and view of the seabottom were hard to obtain and this proved very in-
convenient for maneuvering the submersible near the seabottom. The simul-
taneous observation of the same object through the central window and either
side window was also difficult unless the observers took a cramped attitude.

(4) Horizontal movement--In order to maneuver the SHINKAI keeping a given
depth and course for more than 10 min, the power of the main thruster should
be used at less than half of the maximum, thus reducing the practical'maximum
speed 1.2 knot/hr. When observations are made, the forward movement should
be slowed down less than 30 cm/sec or 0.6 knot/hr. At greater speed the sub-
mersible is liable to pass over the object to be observed, sampled, or photo-
graphed, and if backward thrust is exerted, the abrupt change of thrust
agitates the mud on the bottom, increasing turbidity.

(5) Predive preparation--As the number of operating and supporting crews

are limited, at least a whole day is required between dives for preparation.
In order to make more frequent operation feasible, the following augmentation
of instrumentation and the support iystem are considered necessary.

More precise positioning system.
S4m additional hydrophone line.
, Modification of support ship or construciton of new support ship.
* Depth determination system with accuracy of 50 cm.
. Distasce determination in horizontal direction with accuracy of 5 m.
• Intensification of illumination.
• Enlarging of observation window.

In the late 1960s, anticipating the growing needs of undersea operations
in connection with the construction of offshore installations, an undersea
tunnel and ot$er offshore facilities, exploration and exploitation of offshore
oil and gas fields on the Japanese continental shelf and undersea cable and
pipe line settings, a number of enterprises were undertaken to deal with under-
sea operations employing either submersible or diving technics. Nippon Kaiyo
Sangyo KK (former Ocean Systems Japan) ordered a submersible from Kawasaki
Heavy Industries. The submersible:,completed in 1971 and named HAKUYO~can
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dive to the depth of 300 meters with a crew of three. It was designed for
the inspection and setting of undersea cable, pipeline and the bottom-set
tunnel, compleLion of undersea oil wells and inspection thereof, civil en-
gineering operation for the foundation and aurveying on the seabottom (see
Tabhc VD-6).

Table VD-6
Thc characteristics of the HAKUYO

Length (overall length 6.4 m
Width (maximum) IL6 m
Depth 2.0 m
Draft 1.9 m
Maximum operating depth 300 m
Displacement 6.6 tons
Number of crew 3 meen
Speed Maximtm ?,5 knots
Endurance 5 hour:. a, 1 knot
Life Support (for 3 men) 48 hours
Principal Equipment

Main propulsion motor 10 PS x I
Horizontal thruster motor 0.5 PS x 1
Vertical thruster motor 0.5 PS x 2
Main propeller rotating device 1 set
Diving planh I set
Ballast tank flooding and blowing system 1 set
Auxiliary and negative tank flooding and draining

system 1 set
Trim control system 1 ,set
View port Inner dia. 150 mm x 4
Hydraulic system 1 set
Battery pod detaching device 1 Pet

.One point attaching device (for iifting) 1 set
Main battery 110 V x 100 AH
Auxiliary battery 24 V x 100 Ali
Flood 2
Gyro compassi 1 set
Deptii sonar (for upward & downward) 1 set
Obstacle avoidance sonar (for forward) 1 set
Underwater telephone 1 set
U1tF radio I set
Manipulator (hydraulic) 1 set
Underwater breathing apparatus (for 3 men) 1 set
Flash lamp I set
Transponder I set
Underwater camer,ý I s4t t

Since lIKUYO can be transported on board the support ship, in contrast
with SHINKAI which Is only towable, she has been employed in many parts of
the seas around Japan including those off Okinawa and Talwan. In 1973 she
made a total. of 69 dives In Sagami Bay, off the coast (if Okinawa,
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Wakayama Prefecture, Bonin Islandi Itu Peninsula and Kagoshima Bay. The maxi-
mum depth reached was 250 meters.

In 1970, Mitsui Ocean Development and Engineering Cotpaniy and Mitsui Ship
Building and Engineering Company undertook the development of a tethered lock-
out submersible in collaboration with Japan Ship's Machinery Development Asso-
ciation, aided by a subsidy from Japan Ship Business Promation'Association.
This submersible was intended for the support of air-diving'operLtions in
shallow water not desper than 100 meters, The submersible catf'move and hover
in water with current up to 2 knots/hr.

Table VD-7
Characteristids .of the TADPOLE-1

STethered tyPe dtving chamber-

Length 5.3 m
Width 3.5. m
Height 3.2 m
Displacement 7.2 t
Maximum operating depth 100 m

D•i. diver support 50 m
Crew 2 men
Endurance of diver operation 4 h
Life support 48 h
Speed 1 kt

The submersible, named TADPOLE, (see Table VD-7).was completed in 1971.
The sea trial was conducted in February of the following year and the engineer-
tag achievements and problems were identified. In 1913, partial reconstruc-
tion was made in order to meet the problems and the lock-out and lock-in
tests, with divers, were carried out with success to the depth of 40 meters.

In 1971, Nippon Kokan K.K also undertook the development of a tethered sub-
tmersible jointly with the Japan Ship's Machinery Development Association.
The :dabnttrsible was :ompleted in 1973, aad christened UZUSH1O (see Table VD-8).

UZIISH!O has a peculiar pressure hull the lower half of which is made of
acrylic resin for increwsed viewing power. The first sea trial was conducted
in October 1973 and partial reconstruction w;as aade. Since the spring of
1974, the subnmr.1ble Las been operated by the Fuyo Ocean Development and
Engineering Company, a catamaran-type research vessel of the company, Wakashlo,
serving as support ship. During the course of trainitig the cabin caught fire
due to eleltric malfunction and two men were killed. The cause of this acci-
dent is inder investigation by the Maritime Safety Agency and the result has
not yet been announced. Possibly the leakage of electricity occurred in a
cable connector that was immersed in sea water, causing the burning of the
insulating irsaterials of the cabl, consuming oxygen in the hull and generating
toxic gas.
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Table VD-8
Characteristics of the UZUSHIO

Maximum operating depth 200 m
Operational current (maximum) ab. 2 kt
Crew '2 men
Height 2.94 m
Width 2.92 m
Displacement (submerged) 5.6 t

SWeight 5.2 t
Diameter of Pressure Hull

Upper hemisphere 1.94 m
Lower transparent hemisphere 1.50 m

Life support 2 men x 48 h
Electrical power supply cable 500 m
Propulsion system

3-hydro-jet 5.5 KW x 3
Operational duty 8 a/day
Classification NS* SUBMERSIBLE

In 1969 the Ocean Science and Technology Council, an advisory body, sub-
mitted to the Prime Minister a Report on the Development Program uf Ocean
Science and Technology and a proposal was made for the building of a sub-.
mersible which has a depth capability of 6000 meters.

Anticipating the promotion by the government agency of this proposal,
Japan Ship's Machinery Development Association launched a comprehensive
5-year project to develop more important components of a submersible of such
capability. The implementation of this project has received the cooperation
of major shipbuilding and related industries, and a great deal of progress
has been rmde.

In 1973, the Science and Technology Agency launched a study of the feasi-
bility of building such a submersible and the implementation of the study

was assigned to ahe Japan Marine Science and Technology Center. Information
was collected and reviewed concerning the following:

"* Survey and comparative investigation of deep sea surveying systems.
' Safety standards.
- Positioning systems.
* Observational systems.
* Conceptual designs.
* Basic plan of the submersible.
* Basic plan of the support ship.

The study is expected to be completed in 1975.
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E. UNDERWATER ACTIVITIES IN THE SOVIET UNION: LEE H. BOYLAN

The presentation on the Soviet Union was basically an attempt to provide
an overview of the historical milestones and state of the art of undersea
research vehicle (URV) development and operation by the Soviet Union. In
addition, information relating to planned URV development was presented.

Since the time of the Workshop in November 1974, two interesting items
of information have come to light. The first of these involves a state-
ment appearing in a 1973 diving manual in which the Soviets claim an early
record in-deep diving. Although not much has been written about deep
saturation diving by the Soviet Union, some insight is provided by a recent-
ly published diving manual. In 1935, a group of physicialns headed by
Academician L. A. Orbeli began investigating the use of helium as an addi-
tive to diver breathing mixtures. By 1946, a number of saturation dives to
200 m had been made. The next few years saw the development of heliox diving
equipment and a tethered loik-out bell with a DDC mating capability. In
1956, research dives to 300 m were made by a number of divers. It is pointed
out that it wasn't until 6 years later that Hans Keller reached the 300-meter
mark,

The second item from a recent newspaper discloses the fact that the Soviet
Union's most sophisticated URV, the Sever-2 had a mishap during a dive in the
Black Sea. During a routine ascent, the vertical propulsion motors began to
strain and excess water was noted in the variable ballast tank. A blown
static converter caused loss of lift propulsion and began to rise again. After
a 12-hr ordeal, Sever-2 was finally brought aboard the support ship R/V Odissey

Based solely on the information used for the report, the following points
stand out:

1. undersea-vehicle and support-system design is dominatedby Giprorybflot Institute, a fisheries-technology design

organization;

2. the past and current inventory of Soviet undersea vehicles
belongs almost exclusively to fisheries-research organiza-
tions;

3. with exception of a modified fleet submarine, the Soviet
Union apparently does not operate any lock-out vehicles;

4. with the exception of conventional submarines used or modi-
fied for research, the Soviet Navy does not operate free-
diving undersea rescue or research vehicles;
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5. there is no evidence of any preorganized rescue capa-
bility or equipment specifically intended for undersea
vehicle rescue and recovery; and

6. there is no evident research or desig,, interaction be-
tween the Soviet Navy and fisheries-oceanography organi-

P zations in the area of undersea vehicle and support-
rescue development.

The first two points are accomplished fact; however, the following points
do not seem reasonable. Lack of published information on these four areas

i makes any conclusions on any specific Soviet capability in these areas dif-
ficult and puts any analyst in the position of having to make gross extra-
polations or assumptions.

In reviewing the literature used to compile this paper, the conspicuous
lack of detailed information on URV safety-related topics became very evi-
dent. There apparently is no available Soviet equivalent of the Marine
Technology Society's Safety and Operational Guidelines for Undersea Vehicles
or any other major Western work dealing specifically with safety, rescue,
and accidents. It would be both naive and unfair to conclude from this that
the Soviets have no particular interest in these areas. On the contrary,
while they themselves may not be writing much on these areas, it can be
easily demonstrated that they have a thorough awareness, professional know-
ledge, and domestic availability of Western information published on these
topics.

In the literature reviewed for the presentation, only one reference (with
the exception of the above) to accidents was made. These accidents apparently
involved amateur-built minisubs and it is not known whether any of these ac-
cidents involved loss of life. The medical literature and aerospace literature
do contain a useful volume of information on diver accidents, diver physiology,
diver medical problems, and lifesupport systems (spacecraft). The first three
are discussed only in terms of free diving. Analysis of Soviet free-diver
accidents generally concludes that inadequate training (sport-diver accidents)
and/or paric are the two major factors ultimately contributing to accidents.
Several of the Soviet habitat programs have involved medical and physiologi-
cal research (generally, for depths not exceeding 45 meters) and some of the
results hea.e been published.

There has been an obvious lag in Soviet URV development for the scientific
community. The reasons stated for this are many, but will not be reviewed
extensively here; however, a contributing factor, which produces an "accordion"
effect, has been the high cost of designing, building, and maintaining spe-
cialized URV support vessels and systems. Taking URV development costs,
support ship development costs, and the cost of developing a non military
specialized rescue capability, we see not only a major financial commitment
but a major science-policy commitment to manned-vehicle undersea research.
To date, the Soviets have been hesitant to make this comr'.tment on any scale
even approaching the Western URV boom of the late sixtie,* Therefore, the
small number of operational Soviet URV's must, for the time being, rely on
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the existing capability, which obviously resides in the Soviet Navy and pro-
bably to a less sophisticated extent with the Soviet merchant-fleet salvage
organizations. These capabilities are little publicized.

Almost all the articles and references pertaining to the specific manned
vehicles described mention the availability of various types of safety systems
-- solid ballast jettison, shot release, etc. However, with very few exceptions,
the makeup, operation, reliability, and testing of these systems is not dis-
cussed. Available surface support and rescue systems are de-.cribed somewhat
more specifically, but their capabilities and adaptability to crew/vehicle
rescue in a URV accident are unknown. In articles describing the operational
Sever-2, no mention is made of any surface search and rescue capability, either
aboard R/V Odissey or available on short notice. Judging from the open litera-
ture, only the Krab TV and manipulator-equipped remote-controlled platform
could reach a distressed Sever-2 at her maximum depth and be useful in a
rescue.

The best insight into some specific c.fety and lifesupport systems is
provided by Soviet patent literature. Review of the patent abstract journal
ove? the years has revealed a number of patents specifically applying to
URV's and habitats, and many others which could apply or be adapted.

Due to the size, scope, and uniqueness of the original, it was felt that
wider distribution of the complete document would be of benefit to the inter-
ested scientific and engineering community. The 137-page report with an ex-
tensive bibliographiy is available from the Undersea Medical Society at $2.50
per copy.
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SUMMARY OF DISCUSSION

The work that will be accomplished by submersibles presently under construz-
tion can only be guessed at. -he tasks presently performed will be extended
primarily into the field of offshore drilling and production.

It was felt that one of the major contributions of this workshop should
be to insist on coordination of the development of emergency recovery systems
to help roduce needless and repetitive expenditures and to ensure that there
is frequent and rapid exchange of design information to ensure that the most
suitable system is always available.

In the late 1960's anticipating the growing needs of undersea operations
in connection with the construction of offshore berths, undersea tunnels

E and other offshore facilities, exploration and exploitation of offshore oil
and gas fields on the Japanese continental shelf, and undersea cable and
pipe line settings, a number of enterprises were established to deal with
undersea operations, employing either submersibles or diving techniques.

There has been an obv.ous lag in Soviet underwater research vehicle de-
velopment. A contributing factor has been the high cost of designing, build-
ing and maintaining specialized URV support vessels and systems. To date
the Soviets have been resistant to making a major financial commitment in
this area
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CONCLUSIONS AND RECOMMENDATIONS

1. United Kingdom

At present Vickers Oceanics Limited is the only owner and operator of
manned submersibles in the UK. Two UK unmanned submersibles ANGUS and CONSUB
are operational. ANGUS has its own ability to navigate. CONSUB is utilized
mainly for geological research work. CUTLETan unmanned recovery vehicle
similar to CURV, is being developed by the UK Ministry of Defense. V',L haf
four submersibles operational, one of which is a lock-out boat. Three support
ships make up the other half of these submersible system-. One of these has
a deck decompression chamber. More submersibles and supporL ships are on
the way in the near future. VOL's main market area appears at this time to
be cable burial and pipeline survey.

2. Canada

There are four companies in Canada manufacturing and/or operating submer-
sibles. These are Hyco, Arctic Marine, Horton Maritime Explorations and
Access. Pyco has built seven submersibles and has five more under construc-
tion. Arctic Marine has Sf.-\ OTTER. Horton Maritime Explorations own
AUGUSTE PICCARD and BEN FRANKLIN. Access has in the development stage, an
under-ice submersible called the NARWALL II which will be used initially for
seismic data acquisition. The requirements of newer submersibles will be I
for greater endurance, lirger payloads, greater battery capacity and an order
of magnitude increase in their manipulative ability. Hyco has developed an
emergency recovery system which floats a high strength line to Che surface.
It also incorporates an air life bag system near the surface. The submersible
industry in Canada and the rest of the world must anticipate tomorrow's re-
quirements, i.e., who will the customer be, what will he want to do and where
will he want to do it, in order to define the end use of the vehicle before
construction begins.

3. France

The chief current French submersible activity centers around the French-
American Mid-Ocean Underseas Study (FAMOUS), in which the French bathyscaphe
ARCHEI)E and the submersible SP 3000 are working together with the U.S. submer-
sible ALVIN in exploring the mid-Atlantic reidge 200 miles south of the Azores.

4. Japan

The submersible program in Japan consists of past and present operations,
and studies on future development of submersibles with much greater depth
capability (6000 meters).
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5. USSR

The Soviet Union undersea-vehicle and support-system design appears to
be oriented to fishery technology. With tiie exception of conventional sub-
marines the Soviet Navy does not operate free-diving undersea rescue or
research vehicles. With the exception of the modified fleet submarine, the
Soviet Union apparently does not operate aty lock-out vehicles. There is
no evidence of ary preorganized rescue capability or equipment specifically
intended for undersea vehicle rescue and recovery.

i
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